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FOREWORD 


Dr. Meredith’s study of physical growth is based on over 90,000 
values for eighteen anthropometric measures on 1,243 Iowa City 
white males, It draws upon records accumulated over a period 
of fourteen years, a program initiated by the late Bird Т. Baldwin 
‘and carried forward by Professor McCloy. 

Means and standard deviations are given for thirty age intervals 
within the range from one and one-half months to eighteen years. 
These values constitute tentative norms for male children of Amer- 
iean born parents who are significantly above average in socio- 
economie status. For certain measures they offer the only nor- 
mative material thus far reported in the literature. But the main 
findings deal with growth cycles in detail for each of the seleeted 
measures. It is shown, for example, that in the eleventh year phy- 
sical growth strikes а ‘‘low’’ for the measurements of bone, as well 
as for weight, strength of grip, breathing capacity, and thoraeie 
dimensions. 

Individual growth eurves indicate that prediction of stature ean 
be undertaken with some accuracy (utilizing a T-score or centile 
technique) between ages six and eleven. Variability in the onset 
and duration of adolescence appears to invalidate such prediction 
between the eleventh and eighteenth years. 
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CHAPTER I 


INTRODUCTION 


“Everyone has always known that children grow, but the accur- 
ate and quantitative study of this growth began at a singularly 
late period in the history of natural science." (21, p. 173) The 
early chapters of the history of science were written largely in 
terms of man's attempts to know and master the world of nature 
about him. Not until the last quarter of the nineteenth century 
did anthropologists and workers in allied fields begin in earnest 
upon the ontogenetie story of the physical growth of man. It is 
to this relatively recent study that the present investigation pur- 
poses to contribute. 


CRITERION OF GROWTH 


The term ‘‘growth’’ has a variety of connotations. Throughout 
this study the word is used to denote successive change in the mag- 
nitude of an external physical measurement taken upon the human 
male. Moreover, the successive changes in bodily magnitude which 
here receive consideration are those of the more or less permanent 
type and not hourly, daily, or seasonal fluetuations. 

This delimitation of the use of the term growth is made in order 
to be specifie with regard to the phenomena whieh the present study 
aims to deseribe and analyze. In no sense is the delimitation an 
attempt to simplify the biological explanation of the phenomena. 
A quotation from Seammon (19, p. 1) will make this clear: 


сс... equal units of inerement at various stages of development often 
represent very different entities. A pound's gain in weight in an in- 
fant is quite a different thing from an equal gain in later life, In the 
baby this inerement represents a gain in brain substanee and viscera, 
as well as an enlargement of other parts of the body ; in an adolescent 
itis primarily an inerease in bone and muscle; while in the middle 
aged it is often but an accumulation of adipose tissue.’? 


Obviously, the entity referred to in the above quotation as “gain 
in weight” is illustrative of growth phenomena as determined by 
our criterion. Furthermore, it should now be apparent that it is 
not the direct concern of this study either to differentiate the mor- 
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mulation of a fourteen-year measurement program—from Septem- 
ber, 1920 to September, 1934—carricd on by the anthropometric 
staff of the Iowa Child Welfare Research Station. 

All available records on white males who were not outside the 
normal zone in physical build were utilized. The records were taken 
from the file in serial order and were accepted for tabulation unless 
marked as applying (1) to individuals of the Negroid or Mongoloid 
races or (2) to white individuals appearing physically pathological. 

Complete information with regard to the country of birth of the 
parents and grandparents of the 1,243 white males on whom the 
data were collected could not be ascertained, since the records for 
certain years afforded nothing on these items. However, the eoun- 
try of birth of each parent was found to be recorded for 618 or 50 
per cent of the subjects and the country of birth of each grand- 
parent for 376 individuals of this sampling. Analysis of this ma- 
terial yields the following figures: 


Country of Birth 
Parents Per 


Cent 
One or both parents born in: 


United States 


95.3 
British Isles or Canada 4.5 
North European countries 3.4 
South Europe (including Russian Jews) 2.4 
Both parents born in United States 90.1 
Country of Birth 
Grandparents Per 
Cent 
Two or more grandparents born in: 
United States 83.8 
British Isles or Canada 9.3 
North European countries 12.5 


South Europe Gneluding Russian Jews) 5.8 
** Old Amerieans??* 60.4 
*Both parents and all four grand ve i 

а Васин grandparents were born in the 


From the point of view of racial stock it appears that the subjects 
form an exceptionally homogeneous sampling. 

The occupation of the father provided the on 
approach to the socio-economice st 
data were taken. 


ly possible objective 
atus of the males on whom the 
Here, as with birthplace of parents and for the 
Same reason, information was lacking for 633 of the 1,243 subjects. 
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A sevenfold classification of the 610 recorded observations on 
parental occupation gives the following gross findings: 


Occupation of Father Per 

Cent 

Professional (mainly members of university faculty) 33.1 
Business proprietors, managers, salesmen 20.3 
Skilled trade employees 14.1 
Farmers* 13.6 
Clerks, carriers, ete. 10.2 
Students (mostly graduate) 5.5 
Laborers 3.2 


*This occupation is not evenly distributed over the age range studied. 
About three-fourths of the observations on which the rercentage 
is based are taken on the fathers of boys who attended the Univer- 
sity of Iowa high school without being previously enrolled in its 
elementary school, preschool laboratories, or infant laboratory. 


Most apparent is the predominance of the professional class and 
the insignificant representation of the laboring class. On the basis 
of the whole table, it seems reasonable to deduct that the data were 
gathered on a well-nourished group of males. 

In summary, the group on whom the data were taken may be 
characterized as homogeneous with reference to geographic location 
and sex, not significantly diverse racially, and-somewhat favored 
economically and culturally. 

As mentioned previously, the 93,232 measurement values which 
constitute the data are divided among eighteen anthropometric 
measurements. A list of these measurements is furnished below: 


Measurement Observations 
Stature 8,437 
Sitting height 8,063 
Bi-deltoid diameter 7,694 


Bi-troehanterie diameter 

Transverse diameter of thorax 

Antero-posterior diameter of thorax 

Thoracic circumference 

Body weight 

Maximum head length 

Maximum head breadth 

Bi-condylar diameter of left femur 

Bi-condylar diameter of left humerus 

Strength of grip 

Breathing capacity 

Skin and subcutaneous tissue at thorax front 
Skin and subcutaneous tissue at thorax back 
Skin and subeutaneous tissue at upperarm front 
Skin and subcutancous tissue at upperarm back 
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Information on the anthropometric instruments, anatomical land- 
marks, and laboratory technique used in taking the measurements 
is given in the Appendix. With reference to precision of measure- 
ment, the records give body weight to the nearest one-tenth kilo- 
gram, breathing capacity to the nearest cubie inch, strength of grip 


to the nearest kilogram, and all other measurements to the nearest 
millimeter. 


A BURDEN OF PROOF 


It has been pointed out (23, p. ii) that research workers have 
three techniques ‘‘which frequently serve to hide the absence of 
ideas, namely, correlation and probable errors, unnecessary instru- 
mentation, and verbiage." In carrying forward the present in- 
vestigation continual need has arisen for the use of mathematical 
constants, graphie instrumentation, and technical terminology. 
Consequently these devices are used liberally throughout the follow- 
ing chapters. It is the writer’s belief that each technique, wherever 
used, subserves logical considerations. It remains, however, for 
the study itself to yield evidence that the three devices serve not 


to “hide the absence of ideas” but rather to facilitate the develop- 
ment and expression of ideas. 


CHAPTER II 


GROWTH IN THE GROUP: CENTRAL TEN- 
DENCY AND VARIABILITY 


The data to be analyzed are 93,232 measurement values. These 
values are distributed among eighteen physical measurement vari- 
ables and cover observations throughout the age period from birth 
to eighteen years. 


ARRANGEMENT OF DATA 

Approaching the analysis logically, the initial problem is that 
of arranging the data in a manner which will permit them to be 
economically and meaningfully discussed. This problem, con- 
veniently, is in part resolved by the declared purpose of the an- 
alysis. In order to study the ‘‘rhythm of growth” for different 
physical dimensions, it is necessary (1) that the values of each 
measurement variable receive independent consideration and (2) 
that the age period over which each variable ranges be divided into 
relatively small units. Accordingly, each of the eighteen measure- 
ments is treated as a distinet continuum, and the age period repre- 
sented by each measurement variable is eut into numerous segments. 

The divisions of the age period adopted are as follows: twelve 
three-month intervals covering the successive quarter years from 
birth to three years; seven six-month intervals between three years 
and six years, six months; twelve one-year intervals between six 
years, six months and eighteen years, six months. These divisions 
make a eontinuous series of thirty-one age intervals for the entire 
age period. The reasonableness of this allotment becomes apparent 
upon alignment of such influencing factors as (1) the scope and 
aims of the study, (2) the known trends of growth with age, and 
(3) the number of observations available at each interval. 

Considering the values of each measurement as now segregated 
from the values for all other measurements and as grouped accord- 
ing to the age interval within which they were observed, the next 
necessary step in arrangement is suggested by Yule. He says: 


“¿If some hundreds or thousands of values of a variable have been 
noted merely in the arbitrary order in which they happen to оесиг, the 
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mind cannot properly grasp the significance of the record: the ob- 
servations must be ranked or classified in some way before the char- 
acteristics of the series can be comprehended. ...°° (24, p. 75) 


The values of each measurement which fall within each age in- 
terval were thus classified into a frequency distribution. There are 
529 frequency distributions in all—thirty-one for each of sixteen 
physical dimensions and a total of thirty-three for two additional 
measurements. These distributions are given in the appendix of 
the manuscript copy.” 

At this point mention of a statistical detail appears relevant. In 
determining the real limits of the class intervals and in tabulating 
the data, a measurement value was always interpreted as extending 
from .5 below its last digit on the right to .5 above this digit. For 
example, a measurement record of 162.2 ems. for stature is con- 


sidered to occupy or represent the distance from 162.15 ems. to 
162.2499 ems. 


MEAN GROWTH 


With the data arranged in an orderly form it is now possible 
to commence analysis. Continuing a logical approach, the problem 
which emerges is that of describing the frequency distributions 
formed. Since the distributions appear roughly symmetrical, they 
may be meaningfully and quantitatively described in terms of 
central tendency and variability. 

Attention will first be concentrated upon central tendency. Here 
description necessitates a single constant which will summarize the 
average magnitude of the measurement values tabulated in each 
frequency distribution. Such a constant is obtained by computing 
the arithmetic mean of each distribution, Tables 1 to 18 give arith- 
metic means for the 529 distributions. Tables 15 to 18 inclusive 
also include median values. This latter measure is given because 
the distributions of these four tables are characterized by occasional 
extreme observations which cause the “aggregate'' mean to exceed 
markedly the “typical” magnitude. Parenthetically, these extreme 
observations represent skin and subeutancous tissue measurements 
for excessively fat, though not pathologically obese, males. 

Tt will be observed that throughout the eighteen tables mentioned 
above each arithmetic mean is accompanied by its standard error. 


2The manuseript copy is on file at the 


, State University of Iowa Library, Iowa City, 
owa. 
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Table 1 


15 


Stature (Centimeters): Mean, Standard Error of Mean, Standard Deviation, 
Coefficient of Variation, and Range for Thirty-One Distributions 

of Iowa City White Males, Covering the Age Period 

from Birth to Eighteen Years 


Age Group T 

g| 33 

E m E ЕЕ Be Range* 

$|s8|s o 8 © G 4 = 22 ow 

RialAlA |а ја о A n RA| Os 
0 to 2 30 55 55.44 53 3.90 7.0 46 to 64 
3 Oto 5 30 117 65.42 .27 289 44 58 to 73 
6 0 to 8 30 159 70.58 .23 285 4.0 64 to 78 
9 0 to 11 30 154 74.83 .23 2.90 3.9 68 to 83 
1 0 Oto 1 2 80 145 78.19 .22 266 34 73 to 87 
1 8 0% 1 5 30 125 $115 .23 2.51 31 73 to 87 
16 0to 1 8 30 117 8443 26 285 34 78 to 91 
1 9 Oto 1 11 30 108 87.21 .29 292 34 81 їо 98 
20 0to 2 2 30 105 89.85 .30 311 35 $2%о 99 
2 3 0to 2 5 30 107 9111 .31 3.21 35 82 to 98 
2 6 Oto 2 8 30 141 93.57 .82 3.79 40 84 to 104 
2 9 Oto 2 11 30 132 95.80 .30 3.47 3.6 87 to 104 
3 0 Oto 3 5 30 97.84 221 344 35 89 to 109 
3 6 0to 3 11 30 101.66 .2: 411 4.0 93 to 113 
4 0 Oto 4 5 30 104.99 21 3.69 3.5 95 to 115 
4 6 Oto 4 11 30 10848 .21 404 3.7 95 to 119 
5 0 0to 5 5 30 11140 19 4.08 3.7 101 to 123 
5 6 Oto 5 11 30 40 11449 20 427 3.7 105 to 125 
6 0 Oto 6 5 30 30 117.41 .24 420 36 107 to 131 
6 6 Oto 7 5 30 575 12191 .21 499 4.1 109 to 137 
7 6 Oto 8 5 30 493 128.13 .23 5.09 4.0 115 to 145 
8 6 0to 9 5 30 478 13371 .25 549 41 119 to 151 
9 6 0to10 5 30 390 13894 .28 5.57 4.0 123 to 153 
10 6 Otoll 5 30 368 143.20 .32 6.06 4.2 127 to 161 
11 6 0to12 5 30 340 147.81  .34 6.30 4.3 129 to 167 
12 6 0to13 5 30 345 153.31 40 7.37 48 137 to 173 
13 6 0 to 14 5 30 345 159.39 46 8.53 5.4 140 to 182 
14 6 0 to 15 5 30 376 165.15 45 863 5.2 138 to 190 
15 6 0to16 5 50 343 169.73 .41 7.58 4.5 142 to 190 
16 6 0to17 5 30 288 173.51 .38 6.39 3.7 146 to 190 
17 6 Oto1S 5 30 218 17415 42 625 3.6 154 to 194 


*The minimum and maximum values given in this column are the mid-points 
lowest and highest class interval of each distribution. 


of the 
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Table 4 


Di-Trochanterie Diameter (Centimeters) : Mean, Standard Error of Mean, 
Standard Deviation, Coefficient of Variation, and Range for Thirty- 
One Distributions of Iowa City White Males, Covering the 
Age Period from Birth to Eighteen Years 


Age Group | | а | 
|z. zs | es 
E 2 38 |E3| 23 | mage 

CER 2] 8 S 2 5 ka | Б Su 

hl] ay |S © = |aAAa|na|ds¥ 
0 to 2 30 32 1189 16 оз тв 100 to 14.0 
3 0 to v. S0 A06 E08 aa, uim QÓ туо 18.0 
6 0 to 8 30 160 1514 do 122 81 120 to 19.0 
9 00 11 30 147 1563 09 149 72 13.0 to 19.5 
1 0 01» 1 2 80 3180 1576 11 122 7.7 13.5 to 19.5 
1 8 0o I 5 30 111 15.86 11 130 76 13.0 to 19.5 
te Dito T 8 30 99 1635 .11 112 69 130 to 19.5 
1 9 Oto 1 11 30 91 16.68 11 102 61 14.0 to 19.5 
2 0 0to 2 2 30 103 16.87 .09 95 56 15.5 to 20.5 
2 3 Oto 2 5 30 95 17.06 10 98 57 145 to 19.5 
2 6 Oto 2 8 30 122 1746 ло 116 66 15.0 to 20.5 
2 9 0to 2 11 30 112 1778 09 99 56 150 to 205 
3 0 Oto 3 5 30 206 1812 07 95 592 155 to 205 
3 6 0% 3 11 30 248 1863 06 103 55 160 to 21.0 
* 0 Oto 4 5 30 262 1890 05  .85 45 165 to 215 
26 Oto 4 11 30 306 19.39 .05 93 48 165 to 22.0 
5 0 Oto 5 5 30 381 19.76 05 96 49 17.0 to 23.0 
5 6 Oto 5 11 30 385 2018 06 114 56 175 to 245 
6 0 0to 6 5 30 298 20.54 .07 116 5.7 17.0 to 24.5 
6 6 0 to 7 5 80 547 2125  .05 117 55 18.0 to 25.5 
7T 6 Oto 8 5 30 501 22.90  .06 141 6.3 19.0 to 28.0 
8 6 Oto 9 5 30 479 2315 .07 161 6.9 19.0 to 30.0 
9 6 0to10 5 30 388 2427 09 1.76 7.2 91.0 to зо 
10 6 0toi11 5 30 368 2508 10) 182 49 отп apg 
16 019 19. Б. 30 33) обр 11 203 78 290 to 33.0 
13 6 Ofo iei 5 30 334 2737 19 218 80 230 to 35.0 
18 6 0to14 5 39 399 3947 15 269 91 оло to 39.0 
14 6 0to15 5 30 358 30.12 лз 238 79 949 to 39.0 
15 6 0to16 5 30 399 BLI Ла 087 та өзб to 40.0 
16 6 0 to 17 5 30 277 39.09 42 207 65 26.0 to 39.0 
17 6 0% 18 9 30 200 32.99 15 211 66 27.0 to 39.0 


"The figures of this column 


represent the mid-points of the 
interval of each distribution. 


lowest and highest class 
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Table 5 


Transverse Diameter of Thorax* (Centimeters): Mean, Standard Error of 
Mean, Standard Deviation, Coefficient of Variation, and Range for 
Thirty-One Distributions of Iowa City White Males, Cover- 
ing the Age Period from Birth to Eighteen Years 


Age Group | " 
— T as 
| | = #В|БЕ 

A A s 33 SE Range** 
PEE a 3 a |2 d C 
В| |р ЕР Š | 8 l8 XE AES 
58е о |g К а & 8ES|S9|Su 
н аА н i8 [8 о а ĠA mn oe 
0 to 2 30 35 12.07 15 88 7.3 
0 to 5 30 102 13.84  .09 .88 6.4 


to 8 30 158 14.66 07 85 5.8 
to 11 30 147 06 72 47 
to 2 30 130 07 76 48 
to 5 30 110 16.05 .07 79 49 
to S 30 100 16.24 .07 68 42 


3 

6 0 

9 0 
100 1 
1 ss 1 
£ 6: 0 1 
1 9 Oto 1 11 30 100 16.55 .08 85 51 
20 0to 2 2 30 92 16.66 10 92 5.5 
2 3 0to 2 5 30 78 16.71  .05 AT 28 
2 6 0to 2 8 30 93 16.83 10 95 5.6 
2 9 0to 2 11 30 85 16.86 .09 $2 49 
3 0 Oto 3 5 30 171 17.00 .06 S0 47 
3 6 Oto 3 11 30 209 17.36 .06 84 48 
4 0 Oto 4 5 30 219 17.0 .05 80 4.5 
4 6 Oto 4 11 30 251 17.84 .05 81 4.5 
5 0 Oto 5 5 30 317 1815 .05 93 5.1 
5 6 Oto 5 11 30 326 1847 .05 96 5.2 
6 0 0to 6 5 30 264 18.66 .06 103 5.5 
6 6 Oto 7 5 3 515 1925 .05 107 5.6 
7 6 0to 8 5 30 474 20.01 .06 22 61 
8 6 0to 9 5 30 458 .07 142 68 
9 6 0to10 5 5 366 08 155 7.2 
10 6 Otoll 5 30 355 09 167 75 
ii 6 0to12 5 30 313 10 1.85 81 
12 6 0 013 5 30 294 Al 184 77 
13 6 0to14 5 30 286 42 209 8.3 
14 6 0to 15 5 30 313 42 211 81 
15 6 0016 5 30 282 2696  .12 193 7.2 
16 6 0017 5 зо 236 27.68 13 195 7.0 
17 6 0 to 18 5 30 180 28.34 13 173 61 23.0 to 33.0 


*Measured at the nipple level 

*CThe minimum and maximum values given are the mid-points of the lowest and highest 
class interval of the distribution to which they apply. Where necessary, the mid-points 
have been rounded to the nearest one-tenth centimeter so as to avoid spurious accuracy. 
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Table 6 


Antero-Posterior Diameter of Thorax* (Centimeters) : Mean, Standard Error 
of Mean, Standard Deviation, Coefficient of Variation, and Range 
for Thirty-One Distributions of Iowa City White Males, Coy- 
ering the Age Period from Birth to Eighteen Years 


Age Group | | a 

— ale £ 

К К в а MEEFEIEHIETS 

аар fala} 2 RE: адя ša | Šs 
0 to 2 30 зз 1023 12 69 6.7 8.6 to 11.6 
3 0 to 5 30 102 1119 08 -80 7.2 9.6 to 13.4 
6 0 to 8 30 152 1161 :06 76 66 10.1 to 13.9 
9 0 to 11 30 147 12 01 .06 S0 58 104 to 13.9 
10 0to1 9 30 130 1217 07 79 65 10.6 to 13 9 
13 0t0 1 5 30 107 1254 .09 $91 73 104 to 14.6 
16 0t 1 8 30 100 19.64 .08 82. 65 111 to 14.9 
19 0t 1 n 30 95 1269 .08 4 58 111 to 14.6 
20 0to 2 » 30 92 12.70 -08 “7 61 111 to 146 
2 3 0 2 5 30 76 1256 -09 74 59 106 to 144 
2 6 0to 2 g 30 93 1259 -09 83 66 104 to 14.9 
2 9 Oto 2 11 30 85 1256 08 72 57 106 to 141 
3 0 0to 3 5 30 169 12.07 05 60 47 106 to 144 
3 6 0to 3 1 30 206 1257 :05 :65 50 109 to 14.6 
40 0to 4 5 30 214 13.19 .04 58 44 14 to 14.4 
4 6 0to £ 11 30 252 1331 04 7l 53 по to 15.5 
5 0 Oto 5 5 30 317 1358 04 79 58 115 to 16.5 
5 6 0to 5 11 30 326 18.80 .05 88 64 11.0 to 16.5 
6 0 Oto 6 5 30 264 1407 06 100 71 119 to 17.5 
6 6 0to 7 5 30 515 1451 .04 98 68 120 to 17.5 
7 6 0to g 5 30 472 15.00 .05 1.05 70 12.0 to 19.0 
8 6 Oto 9 5 30 456 1542 05 114 74 125 to 19.5 
9 6 0to 10 5 30 366 1594 06 120 75 130 о 20.0 
10 6 0 to 11 5 30 355 16.25 07 128 79 13.0 ot 21.5 
1 6 0 to 19 5 30 313 16.98 .09 152 90 14.0 to 23.0 
12 6 0 to 13 5 30 294 117810 173 9.7 14.0 to 25.0 
13 6 0 to 14 5 30 286 18.62 ло 171 99 15.0 to 27.0 
14 6 0 to 15 5 30 313 19.31 10 171 8.9 150 to 25.0 
15 6 0 to 16 5 30 282 20.00 ло 166 $3 16.0 to 26.0 
16 6 0 to 17 5 30 235 2070 31 170 $9 17.0 to 26.0 
117 6 0013 5 30 180 2153 13 173 80 17.0 to 28.0 


*Taken at the level of the nipples 

**The figures siven represent the mid-poi 
the distribution to which they apply. 
rounded to the nearest one-tenth centi 
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Table 7 


Thoracic Cireumference* (Centimeters): Mean, Standard Error of Mean, 
Standard Deviation, Coefficient of Variation, and Range for Thirty- 
One Distributions of Iowa City White Males, Covering the 
Age Period from Birth to Eighteen Years 


Age Group А 
= oil BS a 
A A E $ E 3 E Е Range** 
ня А [н jaja | Š | 8 lake [ën 5% 

0 to 2 30 35 38 2.23 58  345to 43.5 

3 0 to 5 30 108 21 219 5.2 37.5to 47.5 

6 0 to S 30 160 18 2.29 51  395to 51.0 

9 0 to 11 30 147 16 188 40 41.0to 51.0 

1 0 Oto 1 2 30 130 218 2.07 43  43.0to 52.5 
18 0to1 5 30 110 A7 182 37 45.0{о 53.0 
1 6 0to 1 8 30 100 .20 1.99 40 45.040 54.5 
19 0to 1 11 30 96 21 2.03 40  455to 55.0 
2 0 Oto 2 2 30 9. 21 200 4.0 46.0 to 55.5 
2 3 0to 2 5 30 75 23 200 40 45.5 to 55.0 
2 6 0to 2 8 30 93 22 211 41  455to 55.5 
з 9 Oto 2 11 30 85 22 206 41 45.5to 56.5 
8 0 0to 8 5 80 178 14 191 37 46.0to 56.0 
8 6 .0to 3 11 30 217 AG 2.33 45 46.0to 57.0 
4 0 Oto 4 5 30 225 19 181 34 47.5to 57.5 
4 6 Oto 4 11 30 247 12 191 36 49.5to 60.0 
5 0 0to 5 5 30 315 13 228 41  49.0to 640 
5 6 Oto 5 11 30 324 45 2.00 47 50.00 66.0 
6 0 0to 6 5 30 261 лт 283 50 51.0to 67.0 
6 6 Oto 7 .5 90 510 44 3.07 5.2 50.0to 69.0 
7 6 Oto 8 5 30 472 лт 367 60 50.0 to 80.0 
8 6 0to 9 5 30 452 21 443 7.0 52.0to 82.0 
9 6 0to10 5 30 362 26 497 7.6 54.0to 86.0 
10 6 Otoll 5 30 355 27 499 74 56.0to 88.0 
11 6 04012 5 30 317 34 602 86  6L0to 97.0 
12 6 04013 5 30 298 32 5.55 7.6 61.0to 97.0 
13 G Otol4 5 30 286 40 677 88 65.0 to 109.0 
14 6 0to15 5 30 316 35 6.26 7.8 65.0 to 105.0 
15 6 04016 5 30 282 37 613 74 65.0 to 105.0 
16 6 0to17 5 30 235 Al 6.24 73 69.0 to 109.0 
17 6 Oto18 5 30 180 45 6.10 7.0 69:0 to 109.0 


*At nipple level 
**phe minimum and maximum values in this column are the mid-points of the lowest 


and highest class interval of the distribution to which they are attached. 
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Table 8 


Body Weight (Kilograms) : Mean, Standard Error of Mean, Standard De- 
viation, Coefficient of Variation, and Range for Thirty-One Dis- 
tributions of Iowa City White Males, Covering the Age 
Period from Birth to Eighteen Years 


l П 

Age Group | g 
E a Ey zE БЕ Range* 

ТААК ЕРЕ g |55123 ee 

$ ЕЕЕ БА 

ДЕСЕТЕ | 2 LELIEHIEST 
0 to ДООШ ОТШ ETE йв м үй 
3 0 to X 3D ma Т .09 368 180 ао T0 
6 0 to 3 90 2038 BOT X 135 198 ТО qus 
9? DX) 3L 30 ds£ 3033 (о 10 105  T5to 135 
1 00% 1 2 39 145 10 114 105 85% 140 
18 0t 1 5 30 197 ll 149 104  85to 150 
16 0t 1 8 39 17 12 132 107 оз 160 
19 Oto 1 1 30 106 3 133 103 100% 175 
2 0 Oto 2 2 30 109 13 132 97 11080 180 
2 8 0to 2 5 30 107 13 131 95 110% 175 
2 6 Oto 2 8 39 143 -4 163 111 110to 190 
2 9 0to 2 11 30 133 32 139 92 120to 185 
8 0 0t 8 Б 30 269 08 131 84 12.5% 205 
8 6 0% 3 11 30 318 30 177 106 MSto s15 
$ : Be x E 30 313 09 163 93 195% 225 

o 30 349 a 5 

О Otol b кў dag aus e: x 55 a Ed 
246.05» f di ай dij эр 11 5385 Ti es ш. 
8 0 0% 6 5 80 gg 21.50 m er s um ei 
© 60% T 5 30 508 “ase it sor ing ns DU 
Т 60% 8- B 4j. ре 2634 1g and n» noe Mo 
26010 9 5 30 aga 2898 Ж шт Ms Pipes my 
9 6 0t010 5 39 890 3253 28 553 170 20.0 to x 
10 9 O to an, i$: 39. gag 3529 33 633 170 ору 52 
П 8 Udsd 6 30 340 880 42 тло 199 22000 680 
12 6 0to18 5 a0. 345 43.64 47 8.7 Pn е г 
iting s 0 E nA E 1 27.00 840 
ire. шы ш ga 204 30.0 to 102.0 
“6 oui тщ m e 5 o 19.3 30.0 to 102.0 
16 6 0%17 5 30 эв 62.42 r у 310101080 
Bitten so 24 A as 931 14.9 34.0 to 106.0 
7; 0 141 42.9 to 106.0 


"The figures of this col 
‘umn represent th id-poi; 
interval of each distribution, € mid-points of the lowest and highest class 
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Table 9 


Maximum Head Length (Centimeters): Mean, Standard Error of Mean, 
Standard Deviation, Coefficient of Variation, and Range for Thirty- 
One Distributions of Iowa City White Males, Covering the 
Age Period from Birth to Eighteen Years 


30 153 1853 .05 63 3.4 17.1 to 20.0 


— 
© 


30 127 18.66 .06 64 34 17.1 to 20.0 


Age Group a 
вы |28 FE 
ия 1A Bis Ò a 128 йауроо 
0 to 2 30 23 13.39 .10 4 3.5 2.5 to 14.4 
3 0 to 5 30 72 14.34 08 71 49 12.7 to 16.4 
6 0 to 8 30 103 15.05 06 64 4.2 13.3 to 16.4 
9 Oto 11 30 126 15.70 06 70 45 143 to 17.4 
1 0 0to 1 2 30 102 15.95 07 71 45 143 to 18.0 
T 8; Oto 1. 5 :90 85 16.34 08 73 44 147 to 18.6 
16 0to 1 8 30 82 16.61 08 74 45 14.5 to 184 
19 Oto 1 11 30 79 16.78 08 ло 42 149 to 18.6 
2 0 0to 2 2 30 84 17.04 07 68 4.0 15.3 to 18.8 
23 0to 2 5 30 74 3733 08 72 42 15.7 to 188 
26 0to 2 8 30 87 17.11 .08 (72 42 15.5 to 19.0 
2 9 Oto 2 11 30 75 17.20 08 66 3.9 15.9 to 18.8 
3 0 Oto 3 5 30 103 1715 06 64 3.7 15.7 to 18.8 
3.6 Oto 8 11 30 102 17.21 06 60 3.5 15.5 to 184 
4 0 Oto 4 5 3 102 17.34 06 .62 3.6 15.5 to 18.8 
4 6 0to 4 11 30 113 17.52 05 58 3.3 15.7 to 18.6 
5 0 Oto 5 5 30 126 17.65 06 64 36 15.7 to 19.2 
5 6 0to 5 11 30 135 17.75 06 G7 38 159 to 19.2 
6 0 0% 6 30 128 17.78 06 66 3.7 16.1 to 19.2 
8 6 Oto T 30 175 17.87 05 63 36 16.1 to 19.4 
7 6 Oto 8 30 166 17.98 05 .62 84 16. to 19.2 
8 6 Oto 9 30 167 1815 05 G1 34 16.3 to 19.8 
9 6 0 to 10 30 145 18.36 05 63 3.4 16.7 to 20.0 
10 6 0 #0 11 30 157 1840 05 63 3.4 16.9 to 19.8 
її Ж 8 12 
12 6 O 
13 6 O 
14 6 O 
15 6 0 
16 6 
6 


сл єл єл єл єл сл «л єл єл єл t t OD 


to 18 
to 14 30 120 18.75 .05 60 3.2 17.3 to 20.2 
to 15 30 134 1890 .06 64 34 17.5 to 20.4 
to 16 30 140 19.13 .05 59 31 17.9 to 20.6 
0 to 17 30 129 19.32 .05 57 3.0 17.9 to 20.6 
17 0 to 18 30 110 1932 .06 66 34 17.9 to 20.8 | 


*The values given in this column are the mid-points of the extreme class interval of each 
distribution. In order to avoid spurious accuracy the mid-points have been rounded to 


the nearest one-tenth centimeter. 
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Standard Deviation, Coefficient of Vari 
One Distributions of Iowa City WI 


Table 10 


Maximum Head Breadth (Centimeters) : 


Mean, Standard Error of Mean, 


hite Males, 


ation, and Range for Thirty- 
Covering the 


Age Period from Birth to Eighteen Years 
Age Group E 
© 
=| 22 
Ey [ЕЁ 83 * 
gig š i|. А a B EE: EE Range 
JEIFAKSREIEREEREEBEFHEHEE 
mia ян ЕА | 8 а |а јад ls 
0 to 2 30 23 1091 чү 51 46 10.3 to 12.0 
3 0 to 5 30 72 1186 08 66 5.6 10.7 to 13.6 
6 0 to 8 30 103 1263 6 61 9.2 11.3 to 14.0 
9 0 to 11 30 126 1298 05 54 4.2 119 to 144 
JO O i 5 30 102 13.18 06 57 43 121 to 14.8 
IES Oto 1 .5 30 85 13.43 .06 53. 40 121 to 15.0 
16 0to 1 8 30 82 13.55  .05 49 36 125 to 15.2 
19 Oto 1 11 30 79 13.63 -06 49 36 12.5 to 15.0 
2 0 Oto 2 2 30 84 1355 06 52 38 127 to 15.0 
2 3 Oto 2 5 30 73 13.80 06 51 37 127 to 15.2 
2 6 0to 2 8 39 87 1390 06 55 40 12.5 to 15.0 
2 9 0to 2 11 39 76 1392 .07 57 48 12.3 to 15.0 
3.0 0to 3 5 зу 103 1397 06 60 43 12.7 to 15.4 
3 6 0to 3 11 30 102 12416 06 60 12 12.7 to 15.2 
4 0 Oto 4 5 30 102 14.23 .06 56 40 12.7 to 15.6 
4 6 Oto 4 11 30 113 1431 05 56 3.9 129 to 15.6 
50 0to 5 5 39 126 14.38 05 54 37 12.9 to 16.0 
5 6 0to 5 11 90 135 1441 .05 54 38 131% 16.0 
6 0 0to 6 5 30 198 1439 .04 49 34 131 to 16.2 
9 6 0to 7 5 80 175 31448 o4 49 34 131 to 164 
T 6 0to 8 5 3 166 1462 og 52 3, x 16 
8 6 Q0 to 9 5 30 167 14.70 ‘04 ss ir Eo я ns 
da Е A i y 
е. [1 É A 5 m 145 14.77 Of  .53 36 133 to 16.4 
0 157 1479 04 53 28 135 to 16.6 
11 6 0 to 12 5 30 153 14.85 04 
Я 4 30 BA 13,7 to 164 
OEO i013. 6 30 127 1495 05 57 h 
: Ë A «07 © 38 139 to 16.4 
13 6 0 to 14 Б g 120 14.99 05 5 5 
14 6 0 to 15 5 30 134 15.09 05 amu bae 
ri pea B80 shen ТЫ Hi us 3.6 139 to 16.8 
166 0 dá, 51 34 14.1 to 16.6 
tol7 5 3 129 1594 04 49 9 
MAS CHOR $e Tuo que о “© 88 Asto ibs 
Ў 05 49 33 14.1 to 16.6 
*The minimum and 


of each distribution, 
to the nearest опе-{еп 


maximum values given are th 
Spurious Accuracy has bee; 
th centimeter, 


e mid-points of the extre; 
n eliminated by roundin, 


me class interval 


£ the class values 
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Table 11 


Bi-Condylar Diameter of Left Femur (Centimeters): Mean, Standard Error 
of Mean, Standard Deviation, Coefficient of Variation, and Range 
for Thirty-One Distributions of Iowa City White Males, Cov- 
cring the Age Period from Birth to Eighteen Years 


Age Group - 

g 23 

HE E 2|8 ЕБЕ ЕЕ Ер 

ala a 5 | 2 |йая|ша|о%® 
0 to 2 30 15* 425 05 20 47 39 to 47 
з 0 to 5 30 58 487 05 37 76 43 to 59 
6 0 to S 30 78 522 05 44 84 4.5 to 64 
9 0 to 11 30 81 541 .05 44 81 46 to 68 
10 0to 1 2 30 68 563 05 43 76 4.7 to 67 
1 3 0to 1 5 30 67 581 06 46 79 43% 68 
J G Oto 1 S 30 56 595 .06 43 72 5.0 to 7.0 
1 9 Oto 1 11 30 44 603 06 42 70 52% 72 
2 00to 2 2 30 52 623 05 38 61 55 to 7.2 
23 0to 2 5 30 4 633 05 86 57 55 to 74 
2 6 Oto 2 8 30 56 652 06 44 67 5.7 to 7.6 
29 Oto 2 11 30 41 666 05 31 47 59 to 7.5 
30 Oto 3 5 30 76 682 03 27 40  61to 7.6 
3 6 Oto 3 11 30 83 698 .03  .28 40 G62to 7.5 
4 0 Oto 4 5 30 93 7.10 03 27 38 65 to 7.9 
4 6 Oto 4 11 80 101 7.20 .03  .29 40 66to 82 
5 0 Oto 5 5 30 126 734 03 29 40 67 to 83 
5 6 Oto 5 11 30 132 741 03 38 51 6.5 to 85 
0 0 Oto 6 5 30 102 7.52 03 83 44 66 to 83 
6 6 Oto 7 6 30 109 7.75 03 Al 53 67 to 86 
7 6 0to 8 5 30 137 8.08 .04 43 5.3 7.1 to 9.0 
8 6 0to 9 5 30 135 8.28 .04 47 OT 7.3 to 9.6 
9 6 0tol0 5 30 126 S848 05 54 G4 7.3 to 9.8 
10 6 Oto1l 5 30 121 856 05 50 58 73 to 9.8 
11 6 0to12 5 30 106 885 .06 57 64 7.5 to 10.2 
19 6 0to13 5 30 120 9.23 .06 60 65 7.9 to 10.6 
13 6 Otol 5 30 116 9.52 06 65 68 7.9 to 11.4 
14 6 0{%о15 5 30 147 9.57 .05 55 58 83 to 11.6 
15 6 0t0 16 Б 30 128 063 05 57 59 8.3 to 11.8 
16 6 0to 17 5 30 103 9.68 .05 48 5.0 8.7 to 11,0 
17 6 0to18 5 30 2 985 07 57 159. ' ET to 1L6 


*Paucity of eases is recognized to make analysis of this distribution of questionable value. 
*sThe figures of this column represent the mid-points of the lowest and highest class 
interval of each distribution. In some instances the class values have been rounded. 
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Table 12 
Bi-Condylar Diameter of Left Humerus (Centimeters): Mean, Standard Error 
of Mean, Standard Deviation, Coefficient of Variation, and Range for 
Thirty-One Distributions of Iowa City White Males, Cover- 
ing the Age Period from Birth to Eighteen Years 


Age Group E 
——=—==== alae 
Я я Eu FE 8 E Range** 
HEHIESHISEBMEBHTIEHLETE 
© g © оја 3 © SESIS оны 
н јаја FGE Š | A esa |2А |55 al 
0 to 2 30 15* 313 .03 4l. 3.5 3.0 to 3.4 
3 Oto 5 30 58 349 .03 25 7.2 3.0 to 4.0 
6 0 to 8 30 78 371 .03 30 841 3.2 to 4.6 
9 0 to 11 30 82 3.89 .03 31 8.0 3.1 to 4.7 
10 0+0 1 2 80 69 3.98 .04 30 75 3.3 to 4.6 
4 $ Oto 1. 6 80 65 4.08  .04 29 71 3.5 to 5.0 
16 01% 1 8 30 55 412  .05 38 9.2 3.2 to 5.2 
19 Oto 1 11 30 44 413 .04 28 6.8 3.6 to 5.2 
2 0 0to 2 30 53 418  .03 24 57 3.7 to 4.8 
238 0to0 2 6 30 41 430 .04 27 6.3 3.7 to 4.9 
2 6 Oto 2 30 47 436  .04 31 7.1 3.7 to 5.0 
2 9 0 1o 2: 11 20 29 4.62  .04 24 53 4.1 to 5.0 
8 0 0% 3 5 30 56 471 04 27 57 4.3 to 5.3 
8 6 Qto 3 11 80 55 4.70  .03 23 4.9 44 to 5.2 
4 0 0to 4 5 80 67 4.70 .03 22 47 43 to 5.3 
4 6 Oto 4 11 30 76 480  .03 28 58 4.2 to 5.7 
5 0 0to 5 5 30 106 480 .03 27 5.6 4.2 to 5.6 
5 6 0to 5 11 30 120 4.85  .03 28 5.8 4.1 to 5.6 
6 0 0to G 5 30 102 4.93  .03 26 5.3 43 to 5.8 
6 6 0% 7 5 30 169 5.09  .02 30 5.9 4.2 to 5.7 
7 6 0to 8 5 30 137 530 .03 90 5.7 4.6 to 6.1 
8 6 0to 9 5 30 135 548 .03 36 6.6 4.7 to 6.5 
9 6 04010 5 30 126 5.57 .03 38 6.8 4.5 to 6.4 
10 6 0011 5 30 121 5.61 .03 33 5.9 4.7 to 6.7 
IL 6 Cwn 5 9 106 580 .04 43 74 5.0 to 7.1 
12 6 0to13 5 30 120 605  .04 45 74 5.2 to 7.5 
13 6 0to14 5 30 116 638 04 45 71 5.4 to 7.5 
14 6 0to15 5 30 148 6.54 .04 43 6.6 5.6 to 7.9 
15 6 0to16 5 30 198 6.71 .04 40 6.0 5.8 to 7.7 
16 6 0to17 5 30 103 6.84 .05 46 6.7 6.0 to 8.3 
17 6 0to18 5 30 72 6.97 .05 43 63 6.4 to 7.9 
"This distribution is included for completeness. The paucity of observations is ac- 
knowledged. 


**The minimum and maximum values 
class interval of the distribution 
rounded, where necessary, 


given are the mid-points of the lowest and highest 


to which they apply. The mid-points have been 
50 as to avoid spurious accuracy, 


Iw 
ee 
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Table 13 


Strength of Grip* (Kilograms): Mean, Standard Error of Mean, Standard De- 
viation, Coefficient of Variation, and Range for Nineteen Distribu- 
tions of Iowa City White Males, Covering the Age 
Period from Three Years to Eighteen Years 


Age Group m 
PE 

2 2 Eu FE PE: Range** 

3 0 0to 3 5 30 41 5.05 .27 174 345 2to 9 
з 6 Oto 3 11 30 69 6.93 25 2.05 29.6 2 to 13 
4 0 Oto 4 5 30 105 819 .20 2.07 25.5 4 to 14 
4 6 Oto 4 11 30 144 9.69 .19 2.34 241 5 to 15 
5 0 0to 5 5 30 173 10.61 17 217 20.5 5 to 18 
5 6 Oto 5 11 30 211 11.06 17 249 22.5 4 to 17 
6 0 Oto 6 5 30 294 11.73 17 2.53 21.6 5 to 20 
6 6 Oto 7 5 30 469 12.96 14 3.00 231 5 to 21 
7 6 Oto 8 5 30 404 15.79 16 315 199 7 to 24 
8 6 0to 9 5 30 366 17.89 .19 3.55 198 9 to 28 
9 6 0to10 5 30 395 20.32 21 376 185 11 to 30 
10 6 0 #011 5 30 300 2248 .23 3.95 17.6 15 to 34 
11 6 0to 12 5 30 293 92498 .26 447 179 15 to 42 
12 6 0to13 5 30 333 29.16 .33 5.93 203 17 to 52 
13 6 0to14 5 30 331 3391 40 7.31 21.6 18 to 61 
14 6 0to15 5 30 358 38.86 45 857 221 18 to 65 
15 6 0 #016 5 30 349 4475 48 889 19.9 14 to 69 
16 6 0 0 17 5 30 292 48.29 48 819 17.0 21 to 68 
17 6 0 #0 183 5 90 210 5242 .60 8.72 166 29 to 80 


*This measurement was taken with right and left hands independently and the better 


record used. 
**The figures of this column represent the mid-points of the lowest and highest class 


interval of each distribution. The class values have been rounded, where necessary, 


to the nearest kilogram. 


Tf three times the standard error of a mean is both added to and 
subtracted from the mean, an estimate is obtained of the range over 
which the means for a successive series of similar samplings of the 
measurement, taken at random, are likely to fluctuate. Disregard- 
ing two other possible sourees of error, the standard errors of the 


means indicate the trustworthiness of the means as a basis for 


generalization. 
The two other possible sources of error are those due to anthro- 


pometrie technique and to grouping for statistical treatment. With 


28 IOWA STUDIES IN CHILD WELFARE 


Table 14 


Breathing Capacity (Cubic Inches): Mean, Standard Error of Mean, Standard 
Deviation, Coefficient of Variation, and Range for Fourteen Distribu- 
tions of Iowa City White Males, Covering the Age Period 
from Five Years, Six Months to Eighteen Years 


Age Group | | 3 

2 
g 2 Б 3 ВЕ E Е Range* 

ваа еа g| s |35al$3! ee 

° ez è |3| 3| 8 IB8zS|85l s= 

н АА [н [аја S| a [аал |А |Ә 
0106: 10 615. оза 64 66.72 153 1222 183  35to 95 
6 0 Oto 6 5 30 151 7162 106 13.00 182 35to 115 
6 6 Oto 7 5 30 384 7854 69 13.50 17.9  35toll5 
7 6 Oto 8 5 30 386 9245 75 14.82 16.0 50t0135 
8 6 Oto 9 5 30 410 103.46 80 16.16 15.6 55 to 145 
9 6 014010 5 30 2367 115.50 97 18.54 16.1  60to169 
10 6 0to11 5 30 2346 127.54 111 2061 16.2  $0to9209 
11 6 0to12 5 30 307 14191 1.26 2211 15.6 "90to199 
12 6 0013 5 30 339 15744 1.57 28.90 184  90to259 
13 6 0to14 5 30 333 179.89 2.07 37.82 21.0 90to 309 
14 6 04015 5 30 369 203.81 2.22 42.60 20.9 90 to 349 
15 6 Oto16 5 30 342 22745 217 4016 17.7 90to0 369 
16 6 Oto17 5 30 294 24746 2.63 45.06 18.2 130 to 389 
17 6 Oto18 5 30 215 257.22 2.79 40.90 15.9 130 to 409 


*The minimum and maximum values given in this column are the mid-points of the 
extreme class interval of each distribution. The mid-points have been rounded, where 
necessary, to the nearest cubic inch. 


reference to the former, it is assumed that the refined technique 
used in gathering the data (given in the Appendix) has reduced 
measurement inaccuracies and bias to a minimum. In the ease of 
the latter, there is a possibility of error due to grouping into age 
intervals and also due to grouping within class intervals, It is a 
statistical commonplace that the errors resulting from grouping 
into class intervals tend to cancel when the distributions are sym- 
metrical. The error arising from age grouping should be recog- 
nized even though it is customarily regarded as inconsequential. 
It is the slight error which is likely to follow from assuming that 
the mean of a series of measurement observations represents the 
exact mid-point of the age interval in which the observations are 
grouped. Actually, the calculated mean of the ages (taken in years, 


o Āā -- n R д 
NE Р 


THE RHYTHM OF PHYSICAL GROWTH 29 


Table 15 


Skin and Subcutaneous Tissue at Thorax Front (Millimeters): Mean, Stan- 
dard Error of Mean, Median, Standard Deviation, Coefficient of Varia- 
tion, and Range for Thirty-One Distributions of Iowa City White 
Males, Covering the Age Period from Birth to Eighteen Years 


Age Group d | | 
a| # 3 
E `a Ee |a| ES 3# | Range 
EE B | 3 |8|288 | së | ss 
SINI 5 |5 а |5 |анејо | $2| аш 
аан |а ô |= anal | nAjos 
0 to 2 30 11 38 .3 36 101 263 10to17 
3 Oto 5 30 38 44 18 44 110 249 11t020 
6 0 to 8 30 48 40 13 39 92 23.2  10to18 
9 0 to 11 30 59 36 10 35 75 20.7 114017 
10 0to 1 2 30 53 35 12 3.5 90 25.6 104018 
4,88: Q to 3 580 . 59 б7 1 37 82 22.0 11#018 
1 6 0to 1 8 80 45 35 10 34 68 19.6 104016 
19 Oto 1 11 30 36 34 12 34 41 20.8 9 to 15 
2 0 0to 2 2 30 46 33 10 32 68 202 114016 
2 3 0t 2 5 30 35 33 433 32 .75 22.9 10t018 
2 6 0to 2 8 30 47 33 л 3.2 75 93.0 101015 
29 Oto 2 11 30 35 35 14 34 81 234 104018 
3 0 0to 3 5 30 59 35 10 34 74 21.1 104016 
3 6 Oto 3 11 30 69 34 09 32 78 22.7 104016 
4 0 Oto 4 5 30 74 32 .08 3.0 Л3 23.0 10 to 16 
4 6 0to 4 11 30 70 31 09 3.0 76 24.3 9 016 
5 0 0to 5 5 30 90 30 08 29 42 23.7 9 to 16 
5 6 Oto 5 11 30 111 31 08 3.0 85 273 9 to 20 
6 0 0to 6 5 30 80 29 .09 2.8 Л6 268 9to18 
6 6 Oto 7 5 30 142 31 07 2.9 83 27.2  10to19 
7 6 Oto 8 5 30 107 33 10 31 106 32.5 9 to 20 
8 6 ою 9 5 30 115 36 .13 3.4 142 393  10to25 
9 6 0to10 5 30 104 35 42 382 118 33.5 9 to 20 
10 6 0011 5 30 97 40 16 3.7 156 393  10to26 
1 6 0to12 5 30 91 42 .24 35 229 548 10to 34 
12 6 0to13 5 30 117 46 лт 43 185 407 10 to 36 
13 6 Otol4 5 30 116 47 лт 44 179 37.9 11to33 
14 6 0 #0 15 5 30 147 48 14 44 168 347 101028 
15 6 0 #016 5 30 128 47 16 44 178 382 11t0 36 
16 6 0to17 5 30 103 47 д4 45 137 29.0 114030 
iT 6 04018 5 30 70°48 .20 46 169 350 12 to 34 


*The minimum and maximum values given are the mid-points of the lowest and highest 


class interval of the distribution to which they apply. 
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Table 16 


Skin and Subeutancous Tissue at Thorax Back (Millimeters): Mean, Standard 
Error of Mean, Median, Standard Deviation, Coefficient of Variation, and 


ering the Age Period from Birth to Eighteen Years 


Range for Thirty-One Distributions of Towa City White Males, Cov- 


Age Group a 

+. 
El E] Е 3 E Range* 

= n = m 5. S 

а |А наа [ә 2а оо 
0 to 2 30 11 72 168 11#016 
3 Oto 5 30 38 1.00 206 12{о21 
6 0 to 8 30 48 111 251 11%о21 
9 0 to 11 30 59 78 18.4  11to17 
10 Oto 1 2 30 53 97 229 10{о19 
1 3 0to 1 5 30 2 93 21.9  11to20 
16 0to 1 8 30 45 81 19.0 11#018 
19 0% 1 11 80 36 1 172 10#017 
20 002 2 3 46 Й 69 174  11to18 
2 3 0to 2 5 30 35 39 433 38 79 203 114018 
2 6 Oto 2 8 30 47 41 14 3.9 98 24.0  10to19 
2 9 Oto 2 11 30 3 43 13 44 78 181 11#019 
3 0 Oto 3 5 30 59 44 11 44 81 18.5  12to19 
8 6 Oto 3 11 30 69 41 09 41 71 175 11#018 
40 0to 4 5 30 74 38 .08 3 68 17.8 11#016 
46 0to 4 11 8 70 36 10 3.6 82 22.5  10to17 
5 0 Oto 5 5 3 90 38 .08 3.8 77 205  10to18 
9 6 Oto 5 11 30 111 38 .08 3 8 Л9 210 10to19 
6 0 0to 6 5 30 80 36 .09 34 79 221  11to19 
6 6 Oto 7 5 30 142 39 .08 38 90 231  11to90 
7 6 0to 8 5 30 107 40 .10 39 106 265  11to22 
8 6 0to 9 5 30 115 41 11 39 116 286  11to94 
9 6 0to10 5 30 104 40 10 38 105 261 10to21 
10 6 Otoll 5 30 97 43 ло 41 1.03 240 11t022 
11 6 0% 12 5 30 91 44 19 40 179 405  11to32 
12 6 0to13 5 30 117 47 15 44 163 349  12to33 
13 6 0to14 5 30 116 48 12 45 1.32 278 11 to 26 
14 6 0#0 15 5 30 147 49 лї 46 129 264  11to95 
15 6 0to16 5 30 128 50 14 47 157 31.5 12 to 34 
16 6 0to17 5 30 103 52 44 49 141 971 12t0 32 
17 6 0% 18 5 30 70 54 20 51 167 307 12to34 


The figures of this column represent the mid-points of the lowest and 
interval of each distribution, 


highest class 


и 
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Table 17 


Skin and Subcutaneous Tissue at Upperarm Front (Millimeters): Mean, Stan- 
dard Error of Mean, Median, Standard Deviation, Coefficient of Varia- 
tion, and Range for Thirty-One Distributions of Iowa City White 
Males, Covering the Age Period from Birth to Eighteen Years 


Age Group 3 

POR 
a E a zE E E Range* 

ое 9 |е 9 55| ё. 

наан |“ n, ja | 2A] oe 
0 to 2 30 3.8 G8 186 114015 
3 Oto 5 30 4.3 89 204 121018 
6 0 to 8 30 4.6 92 19.7 114019 
9 0 to 11 30 4.1 .S0 193  11to19 
1 0 Oto 1 2 30 44 98 231  11to18 
1 3 0to 1 5 30 4.3 72 169 114019 
16 w 3 8 90 4.2 74 177 114018 
1 9 0to 1 11 30 3.9 69 18.0  10to18 
2 0 0to 2 2 30 3.7 82 20.9  12to19 
2 8 0to 2 5 30 3.6 59 161 11#017. 
2 6 Oto 2 8 30 3.7 97 23.9 12 to 20 
2 9 Oto 2 11 30 4.0 70 17.3 114018 
3 0 Oto 3 5 30 2 105 239  12to20 
з 6 Oto 8 11 30 41 1.03 247 12to20 
4 0 Oto 4 5 30 41 1.24 283 114021 
4 6 Oto 4 11 30 4.0 98 241 114019 
5 0 Oto 5 5 30 4.2 83 204 114019 
B g ote Db IL $| 3.9 105 264 9 to 20 
6 0 0to 6 5 90 2 105 299 104019 
6 6 Oto 7 5 30 3.6 112 305 10to2l 
7 6 0to 8 5 30 36 119 32.6 8 to 22 
8 6 0to 9 5 30 36 141 373  10to27 
9 6 0to10 5 30 3.5 132 355 9 to 22 
10 6 Otoll 5 30 38 118 289  10to20 
11 6 04012 5 30 35 187 47.1 10to 28 
12 6 0013 5 30 зт 152 381 9 to 30 
13 6 0to 14 5 30 36 135 348 104025 
14 6 0to15 5 30 32 133 2369 94022 
15 6 0tol16 5 30 30 135 404 101028 
16 6 0017 5 30 3.0 109 335 10 to23 
17 6 0 #0 18 5 30 29 184 417 104030 


The minimum and maximum values afforded in this column are the mid-points of the 


extreme class interval of each distribution. 
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Table 18 


Skin and Subcutancous Tissue at Upperarm Back (Millimeters): Mean, Stan- 
dard Error of Mean, Median, Standard Deviation, Coefficient of Varia- 
tion, and Range for Thirty-One Distributions of Iowa City White 
Males, Covering the Age Period from Birth to Eighteen Years 


Age Group a 

a| eg 
NM E. їз |g | Ba | 24 | nange 

= = n д iJ m 

Al ya |a S ja |aena |а | wal os 
0 to 2 30 11 49 .33 50 108 221 13to20 
3 0 to 5 30 38 55 15 54  .90 163 14to20 
6 0 to 8 30 48 58 17 56 120 207 134095 
9 0 to 11 30, 59 57 13 57 98 173 13to23 
1 0 Oto 1 2 30 53 58 15 59 111 192 13t023 
13 Oto 1 5 30 52 58 15 59 107 183 14#94 
16 Oto 1 8 30 45 56 15 57 99 17.7 18t022 
1 9 Oto 1 11 30 36 55 л4 55 85 15.4 13022 
2 00to 2 2 30 46 56 15 56 1.05 186  14to922 
2 8 0to 2 5 30 36 58 16 58 97 16.9 14to 22 
2 6 Oto 2 8 30 47 57 18 58 123 218 12to95 
2 9 Oto 2 11 30 35 59 15 59 Вә 151 13t022 
8 0 0to 3 5 30 60 62 12 63 06 153 13095 
8 6 Oto 3 11 30 69 61 12 60  .96 158 131094 
40 0to 4 5 30 74 60 .3 58 109 18.2  14to24 
4 6 Oto 4 11 30 70 60 1 6.0 95 15.9 15 to 22 
5 0 0to 5 5 30 90 58 11 59 1.05 183  12to?2 
5 6 Oto 5 11 30 111 58 10 57 105 180 13to94 
6 0 0to 6 5 80 380 58 13 58 119 207 11 to 25 
6 6 00 7 5 30 M2 61 10 59 124 905 10026 
ООО Б 80 10? 02 € бт чаї оов тив 
8 6 0to 9 65 30 115 6.4 15 63 165 2958 12to31 
9 6 0to10 5 3 104 64 15 64 155 243  11to26 
10 6 0011 5 80 97 69 36 вт 1.62 234  14to30 
11 6 0to012 5 30 91 69 .23 6.7 218 316  13to35 
12 6 0 to 13 5 30 117 67 8 63 199 29.9 1341038 
13 6 0to14 5 90 116 6.4 17 60 185 291  12to32 
14 6 0to15 5 30 147 58 .14 55 171 294 11to28 
15 6 0to16 5 30 128 54 16 50 182 2336 114035 
16 6 0 #017 5 30 103 55 16 54 166 305 114032 
17 6 0 018 5 30 70 54 21 51 176 32.7 10to30 


"The figures given are the mid-points of the lowest and highest class interval of the 
distribution to which they are attached. 
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months, and days) included within a given age interval would but 
rarely be found to coincide with the mid-point of the age interval. 

As stated earlier, mean values are presented in Tables 1 to 18. 
It will be noted that each table gives, at frequent and successive 
age intervals, the mean values for one of the eighteen physical 
measurements. In other words, it will be observed that the series 
of means of each table is so arranged as to represent the age-to-age 
change in the mean magnitude of a single physical dimension. 

By transposing cach series of means from tabular to graphic form 
it is possible to obtain a much clearer portrayal of mean growth 
from age to age. This is done in Figures 1 to 5. These graphs 
illustrate the mean ‘“‘course of growth" or “rhythm of growth" 
for each of the eighteen anthropometrie measurements. 

The last four of the eighteen graphs are semisehematie below 
six years of age. The advisability of this construction follows from 
the fact that curves drawn to the mean values at each three month 
interval would unnecessarily confuse the major characteristics of 


а 


the trend lines. 


COMPARISON OF CENTRAL TENDENCY CURVES 


A comparison of the eighteen obtained mean trends is the next 
logical step in analysis. Three methods are available for this pur- 
pose: (1) inspeetion of graphs, (2) superimposition of curves, and 
(3) curve fitting. 


Inspection of Graphs 

The method of inspection will be found to confirm the following 
observations: 

1. The trend lines for stature, sitting height, bi-deltoid diameter, 
bi-troehanterie diameter, transverse diameter of thorax, antero- 
posterior diameter of thorax, thoracie circumference, and body 
weight (Figures 1 and 2) are roughly similar in form. 

«(In each case there is a period of rapid growth in infancy. Sue- 
ceeding this is an interval of regular but slow inerement in early and 
middle childhood. This is followed by a period of rapid parapuberal 
inerease. And the progression is completed by а final period of slow 
increment characteristic of adolescence and .... of early maturity.’? 
(21, p. 185) 


This four-phased type of alternate quickening and slowing of 
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Figure 1. Curves of central tendency illustrating the mean ‘ 
for Iowa City white males in stature, sitting height, bi-de 


‘course of growth? 
ltoid diameter, and 


, 


bi-troehanterie diameter are given. Each trend is drawn to one of the four 


Series of means presented in Tables 1 to 4. 
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Figure 2. Mean «tegurse of growth’? curves for Iowa City white males are 
shown. The values on which the trend for transverse diameter of thorax is 
based are given in Table 5. The three suceessive tables (6, 7, 8) show the 

means to which the trends for antero-posterior diameter of thorax, thoracic 


cireumference, and body weight are drawn. 
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growth has been designated by Seammon as the “general type" 
of postnatal growth in bodily dimensions. 

2. On more refined examination, Figures 1 and 2 reveal certain 
distinctive differences in the forms of the curves they portray. In 
particular, they support the finding of Baldwin that during child- 
hood ‘‘growth curves in weight tend toward concavity; those in 
height toward convexity.” (1, р. 93) For the period between two 
years and twelve years the curves show transition from a convex 
form, represented by stature and sitting height, through a more 
or less linear trend shown for bi-deltoid and bi-troehanterie di- 
ameter, to a concave form, definite for thoracie circumference and 
body weight. 

3. The curve for bi-trochanterie diameter (Figure 1) shows a 
marked ascent between the thirteenth and fourteenth years. This 
is considered to suggest that there is a rapid mean inerease during 
this year in the pelvie breadth of white males. 

The trend for antero-posterior diameter of thorax (Figure 2) is 
characterized by a depression between the second and third years. 
This finding has bearing on the change in contour of the chest 
which takes place during the first three or four years of life. It 
is known that 


1f... . in early infancy the thorax of man is narrow and deep like 


that of the anthropoid apes and remotely resembles the condition 
found in lower mammals; but when the erect posture is assumed the 
thorax expands more transversely than in depth... .?? (11, p. 247) 


Figure 2 appears to indicate that the thorax not only ‘‘expands 
more transversely than in depth? but that between the second and 
third years there is a decided mean decrease in thoracic depth. 

4. The eurves for maximum head length and breadth (Figure 
3) show two major phases—a phase of extremely rapid growth be- 
low two years of age and a markedly slower growth phase extend- 
ing between two and eighteen years. Dimensions having this form 
of mean curve classify under what Seammon has termed the **neural 
уре’? of postnatal growth. (21, р. 187-188) 

5. The mean trends for bi-condylar diameter of left femur and 
humerus (Figure 3) are similar in general form and represent a 
third distinet type of curve. In each instance the "rhythm of 
growth”’ may be regarded as consisting of three convex eyeles. The 
first of these cycles extends from birth to six years, the second from 
six to eleven years, and the third from eleven to eighteen years. 
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Figure 3. Central tendeney plots for maximum head length and breadth and 
for bi-condylar diameter of left femur and left humerus are drawn to the 
four series 'of means given in Tables 9 to 12, jnelusive. Measurements were 


taken of Iowa City white males. 
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Figure 4. The upper two curves are based on the means for strength of grip 
and breathing capacity, as presented in Tables 13 and 14 respectively. The 
lower curves represent mean thickness of skin and subcutaneous tissue at 
thorax front and thorax back. These trends are based on Tables 15 and 16 


but are semi-sehematie below six years The four curves portray mean growth 
for Iowa City white males, 
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Mean magnitude curves are shown for thickness of skin and sub- 
upperarm front and upperarm back on Iowa City white 
males. Beyond h curve is plotted to the means given in Tables 
17 and 18. Below six years semischematie representation is made of the 
major eharaeteristies of cach observed point-to-point trend. 


Figure 5. 
eutaneous tissue 


The eurve for the bi-condylar diameter of the left humerus shows, 
in addition to its three major cycles, two minor fluctuations. Both 
of these fluctuations oceur between the first and the fourth years; 
one, a depression, reaches its minimum early in the third year while 
attains its maximum around the first quarter of 
Further research is needed before a conclusive 
uations have bio- 


the other, a peak, 
the fourth year. 
statement can be made as to whether these fluet 
logical reality or are to be explained as a function of the particular 
sample of values used in this study. 

6. The graphs for strength of 
(Figure 4) show that the mean 
measures is of a three phase type. 
constant growth below twelve years, a period of r 
tween about twelve and sixteen years, and a phase 
years indicating a decline in growth rate. 

7. The curves for the four measurements of skin and subeuta- 
neous tissue (Figures 4 and 9) are very similar in form below 
eleven years of age, but above this age show extreme divergence 


grip and breathing capaeity 
*egurse of growth’? for these 

There is relatively slow and 
apid inerease be- 
above sixteen 
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Figure 6. Six superimposed curves ilustrate the mean growth of Iowa City 
white males in maximum head length, bi-condylar diameter of left femur, 
stature, bi deltoid diameter, thoracic circumference, and body weight. 'The 
curves have a common ordinate seale since the means for each measurement 
were plotted after being expressed as per cents of total mean gain between 
one and one-half months and eighteen years, 
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Figure 7. Superimposed **eourse of growth’? trends for thickness of skin and 


subcutaneous tissue at thorax back and at upperarm front are given. Since 
the maximum and minimum mean magnitudes for the two measurements are 
not identical, the absolute ordinate scale for each measurement is replaced 
by a percentage ordinate scale Observations were made on Iowa City white 


males. 


in type. The most striking features of similarity are minima at 
ages two and six and maxima at about six months and between the 
third and fourth years. The four curves are also consistent in 
showing a slight fall from the ninth to the tenth years and a rise 
from the tenth to the eleventh years. From the eleventh year for- 
ward the curves for the two thorax measurements ascend while the 
curves for the two upperarm measurements descend. 


Superimposition of Curves 

The second method of comparison, that of superimposing the 
mean curves, is employed for two reasons: (1) It furnishes the 
reader with a medium for rapidly checking many of the findings 
arrived at by the method of inspection. (2) It serves to give point 
to these findings. 

Since the ordinate scales of the graphs are of diverse magnitudes, 
it is not possible to superimpose the curves directly. However, 
several curves may be readily and accurately plotted on a single 
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graph if the eurves are first reduced to a percentage basis. Such 
a procedure is equivalent to substituting a single common scale for 
each absolute ordinate scale. Figures 6 and 7 afford two composite 
graphs constructed following the reduction of the curves to a per- 
centage basis. 

Figure 6 gives four curves of the “general? type and one each 
of the ‘‘neural’’ and “three cycle” types. The four general type 
curves have been selected to illustrate the transition found for the 
second phase of the curves of this type. It will be noted that for 
the years between two and twelve stature shows a convex trend, 
bi-deltoid diameier a more or less linear trend, while the trends 
for thoracie circumference and body weight are concave. 

The mean eurves for skin and subcutaneous tissue measurement 
at the thorax back and at the upperarm front are presented in 
Figure 7. The similarity of these curves below cleven years and 
their divergenee above this age are strikingly apparent. 


Curve Fitting А 
As previously stated, the third method of approach to a com- 
parison of the mean growth trends for the various dimensions is 
that of eurve fitting. This method involves mathematically graduat- 
ing the observed mean values for a given measurement and then 
comparing the derived algebraie equations. For those who have 
some knowledge of the equations of common curves, the following 
quotation holds true: 
‘*Analytie expressions have the great advantage of brevity. They 
put, in a few symbols, relationships which otherwise must be presented 
in extensive tables or in elaborate graphic form.” (19, p. 23) 


Empirical equations for the mean curves of six physical measure- 
ments on Iowa City white males are given below: 
Breathing capacity = 37.0 e ліх 
Maximum head breath = 13.2 x .049 — 1.1 e -2ax 


Thoracic cireumference = 48.805 — 15.1 e -1.96х + .3397x + .1731x2 
— .003983x3 

Body weight = 13.368 — 9.8 e -1.2x — 1525x + .2504x2 — .004419x3 

Stature = 66.255 — 16 e -2.7x + 12.7537х — 1.1260x2 + 075849x3 
— .001891х+ 


Bi-condylar diameter of left femur — 4.861 + .8362x — .1060x2 -+ 
.007984x3 — .000215x« 


“x? in every instance is “age in years.?? 


The first two equations were derived by the method of averages 
(13) and the following four by the method of least squares (22), 
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Table 19 gives the observed and the estimated mean values foi 
cach measurement at annual intervals from one to eighteen years 
inclusive. ‘‘Difference’’ columns show the values of the estimated 
mean minus the observed mean at each age. An indication of the 
“goodness of ЯЕ”? is obtained by finding the mean of each difference 
column, disregarding the sign. These mean differences read 0.03 
em. for head breadth, 0.07 em. for bi-condylar diameter of left 
femur, 0.35 em. for thoracic circumference, 0.67 em. for stature, 
0.64 kg. for body weight, and 5.8 cu. in. for breathing capacity. 
Figure 8 permits a comparison of the graphic form of each derived 
equation with the mean curve plots (drawn to observed values) 
shown in Figures 1 to 4. 

The present position of the writer is that the method of curve 
fitting provides an interesting approach to a comparison of mean 
growth trends but that, with reference to many bodily dimensions 
on the human male between birth and early maturity, it is an in- 
volved attack which yields but erude results. In this connection 
the reader is referred to Table 19. It will be noted that in every 
instance the estimated values ‘‘fit’’ the observed values least well 
at around eleven and twelve years of age. That is to say, curve 
fitting ‘‘smoothes’’ the mean values most at those sections of the 
curve where there is a change from one phase to another, thus tend- 
ing to eradicate the maxima and minima which give the curve its 


distinetive form. 
Attention is also called to the fact that bi-condylar diameter of 


the femur, a distinctly three cycle curve, is fit with a two eyele 
(fourth degree) equation. While the form of the curve is entirely 
changed (See Figures 6 and 8), the fit appears sufficiently adequate 
for purposes of prediction, interpolation, and other such reasonable 
uses. (See Table 19.) 

More will be said in Chapter III with reference to the limitations 
of the use of algebraic expressions for the purpose of studying the 
postnatal human growth curve for various bodily dimensions. The 
words ‘‘postnatal’’ and “human”? are both important here. Brody 
(2) finds that the growth trends for many domestic animals are 
of a simple two phase form. Equations derived for such trends, 
of course, would not eradieate major maxima or minima. Seammon 
and Calkins (20), likewise, find prenatal human growth to show 
a two phase "rhythm." It should be clearly understood that the 
writer’s eritieisms apply mainly to trends having not less than three 
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Figure 8. The above is a series of six curves given by empirical equations 
“fit”? to observed means for Iowa City white males on the following measure- 
ments: maximum head breadth, bi-eondylar diameter of left femur, stature, 
thoraeie circumference, body weight, and breathing capacity. The curves 
are converted from absolute to percentage units in order to facilitate pre- 
sentation on a single graph. Note that the curve for breathing capacity ex- 
tends over a twelve year, rather than an eighteen year, age period. 
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phases, and that the criticisms are considered increasingly pertinent 
as the curves become more complex. 


MEAN GROWTH CONTRASTS 

The analysis of the data with respect to central tendency will 
be concluded with a brief presentation of a number of contrasts 
on mean growth. These contrasts are such as may be observed 
when a series of mean values for a given measurement are expressed 
with reference to one or the other of the extreme mean magnitudes 
for the series. 

Study of cach measurement after expressing the mean values for 
selected ages as percentages of the mean magnitude attained at the 
eighteenth year reveals the following contrasts: 

1. At one year of age Iowa City white males most nearly ap- 
proach their adult status in head dimensions and are least developed 
in body weight. The bi-condylar diameters of femur and humerus 
аге farther advanced toward their final magnitude than are the 
bi-deltoid and bi-troehanterie diameters. The obtained percentages 
for this age, arranged in deseending order, are 71 for head breadth, 
69 for head length, 57 for bi-condylar diameter of femur, 56 for 
bi-eondylar diameter of humerus, 56 for depth of thorax, 55 for 
width of thorax, 54 for thoraeie eireumference, 53 for sitting height, 
51 for bi-deltoid diameter, 49 for bi-trochanterie diameter, 44 for 


stature, and 16 for body weight. 

2. At two years of age the percentage development of weight 
is 20, of stature 50, of bi-eondylar diameter of humerus 60, and 
of maximum head breadth 90. А selection of equally striking 
differenees at eight years of age shows that in strength of grip, 
breathing capacity, body weight, thoraeie circumference, bi-con- 
dylar diameter of femur, and maximum head length the white 
males used in this study have attained 30, 36, 41, 70, 83, and 93 
per cent, respectively, of their mean magnitudes for these measure- 
ments at eighteen years. 

3. The percentage values for stature at ages three, ten, and 
fourteen years are 55, 80, and 92. Corresponding values for sitting 
height are 62, 80, and 90 per cent. The reversal in the relation 
of the percentages from three to fourteen years is indicative of 
the fact that leg length is growing at a faster pace than sitting 
height during these years. Figures for derived leg length, obtained 
by deducting sitting height means from the means for stature, show 
that between six weeks of age (the age corresponding to the earliest 
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mean value) and fourteen years of age there is a mean increase 
in leg length of 350 per cent. The increase in sitting height over 
this period is 115 per cent. It should be noted that, while leg 
length (derived) is found to inerease more rapidly than sitting 
height until the fourteenth year, at no age does the mean value 
for leg length exceed or equal that for sitting height. 

Additional eontrasts were discovered by expressing mean values 
for certain ages as percentages of the mean value at the lower end- 
point of the age period, that is, the mean at six weeks after birth. 
These contrasts are given below: 

1. The mean values for twelve anthropometrie measurements 

on Iowa City white males at six weeks of age are inereased by 100 
per cent at the following ages: six months for weight, six years 
for stature, nine years for bi-trochanterie diameter, ten years for 
bi-condylar diameter of femur, eleven years for bi-deltoid diameter, 
twelve years for sitting height, thirteen years for thoracie width, 
fourteen years for thoracie circumference and bi-condylar diameter 
of humerus, seventeen years for depth of thorax, and mot at all 
for head length and breadth. 
_ 2. Between six weeks and the eighteenth year, that is, approxi- 
mately from birth to early maturity, the pereentage inerease in 
head breadth is 40, in head length 44, in thorax depth 110, in bi- 
condylar diameter of humerus 123, in bi-condylar diameter of femur 
and thoracic eireumferenee 128, in width of thorax 135, in sitting 
height 139, in bi-deltoid diameter 156, in bi-trochanterie diameter 
171, in stature 214, and in weight 1,499. 

3. The percentage increase for head length is 26 at two years, 
33 at six years, 87 at ten years, 40 at fourteen years, and 44 at 
eighteen years. Corresponding pereentages for head breadth are 
26, 32, 35, 37, and 40, respectively. The gradual divergence cor- 
roborates the growth principle that white peoples show a trend 
away from brachyeephalism with inereasing age. 

4. Between six years and eighteen years breathing capacity 
increases 267 per cent and strength of grip 359 per cent. (The 
point of reference is necessarily taken at six years since breathing 
capacity is not secured at younger ages.) 

The lay reader is cautioned to differentiate clearly the two types 
of analysis made in this section. They are not two approaches to 
the same facts. The one approach indicates that the average Iowa 
City white male doubles his stature between birth and six years 
of age. The other approach shows that he has attained half his 
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adult stature at about two years of age. Obviously, these are not 
two ways of expressing the same finding. 


ABSOLUTE VARIABILITY 

Thus far analysis has been restricted to average growth in the 
group. It is now necessary to recognize (1) that mean values de- 
seribe but one aspect of the data included in our distributions, and 
(2) that in an attempt to secure a sound understanding of growth, 
it is of no less importance to scrutinize these distributions with 
respect to dispersion about the mean. 

Inspection of the range column in Tables 1 to 18 reveals the 
following faets in regard to individual differences in bodily growth : 

1. The boys who at the age of one year rank at the upper end 
of the distributions for head breadth have wider heads than have 
the boys at the lower end of the distribution for the eighteenth year. 
Similarly, the boys with the shortest heads at eighteen years of age 
are exceeded in this dimension by the boys with the longest heads 
at the age of fifteen months. 

2, There are Iowa City white males who at three years of age 
have a greater bi-condylar diameter of the humerus than is observed 
for other white males of Iowa City who are thirteen years of age. 
Likewise, our data show that there are boys of eighteen years who 
have not attained a bi-condylar diameter of the femur equal to that 


found to characterize some boys at eight years of age. 
3. The boy with the smallest chest girth at eighteen years does 


not exceed the boy with the maximum chest girth at seven years. 
The boy with the minimum chest girth at seven years is exceeded 
by the boy with the maximum chest girth at six months. 

4. The lightest individual at eighteen years is no heavier than 
the heaviest individual at eight years. The lightest individual at 
eight years is hardly as heavy as the heaviest individual of two 
years. 

Similar observations might be itemized at great length. Such a 
procedure, however, js inadvisable since more adequate measures 
than the range (which confines attention to the most extreme values 
only) are available for describing variability. 

The most commonly used measure of absolute ‘spread’ or 
“seatter”” is the standard deviation. The common usage given 
this measure follows from its reliability and the fact that it lends 
itself to algebraie treatment. The measure is defined as the square 
root of the mean of the squares of the differences between the in- 
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dividual cases and the average value. Standard deviation values 
for each of the 529 distributions will be found in Tables 1 to 18. 

If the entire 529 distributions each represented a normal fre- 
quency curve, the interpretation of the standard deviation values 
would be straightforward. In this event every value would have 
the same meaning and the standard deviation would furnish “in 
summary and comprehensible form’? a complete description of the 
variability of each distribution. One standard deviation added to 
and subtracted from the mean would give the limits within which 
68.26 per cent of the measurement observations in a distribution 
fell; seven-tenths (.6745) of a standard deviation laid off in the 
plus and minus directions from the mean would delimit the middle 
50 per cent of the observations; the mean plus and minus three 
standard deviations would provide limits approximately equal to the 
range. 

As a matter of fact, however, interpretation is considerably more 
complex. Of the 529 distributions probably a considerable number 
are significantly non-normal, In this connection the following 
tabulation of skewness and kurtosis values for distributions of 
thoracic circumference is pertinent. The formulae used in com- 
puting these values are taken from Pearl (17, p. 277-279). 


Age Group 
А 2 
8 E E E E Ë Cases Skewness Kurtosis 
над над 
0 to 5 30 143 +.133 + .102" + 146 + .410* 
6 0 to 11 30 307 +.043 + .070 — 362 + .280 
l 0 0 to 1 5 30 240 + .079 — .874 + 316 
150 w 1 11 30 196 + .087 — .426 + .350 
200 to 2 5 30 169 = .09+ = 074% .377 
2 6 0 to 2 11 30 178 + .092 + .063 + .367 
3 0 0 to 3 5 30 178 5 + .092 — .131 + .367 
3 6 0 to 3 11 30 217 5 = .083 — .574 + .333 
400 to 4 5 30 225 + .082 — .893 + 327 
460 to 4 11 30 247 = .078 — 41199 :5.:312 
5 0 0 to 5 5 30 315 +.170 + .069 +1.495 + .276 
5 6 0 to 5 11 3 324 +.208 + .068 + 844 + .272 
6 0 0 to 6 5 30 261 +.194 + .076 + .265 + .303 
6 6 0 to 7 5 30 510 +.219 = .054 + .886 + .219 
760 to 8 5 30 472 +.241 + .056 +2.452 + .226 
8 6 0 to 9 5 80 452 +.272 + .058 +2.632 + .230 
9 6 0 to 10 5 30 362 7.332 + .064 +2.389 + .258 


* These columns give standard error values, not probable errors. 
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Age Group 
а 2 

E Е Ë š E E Cases Skewness _ Kurtosis 
ад аад 

10 6 0 to 11 5 30 +.345 = .065* +2.637 + .260* 
1160 to 12 5 30 +.491 + .069 +3.664 + .275 
12 6 0 to 13 5 30 +.439 + .071 +1.792 + .284 
13 6 0 to 14 5 30° +.465 = .072 +2.883 + .290 
14 6 0 to 15 5 30 +.234 = .069 + .705 + .276 
15 6 0 to 16 5 30 +.098 = .073 +1.796 + .292 
16 6 0 to 17 5 30 +.108 = .080 +1.693 + .320 
17 6 0 to 18 5 30 +.161 = .091 +1.804 + .365 


* These columns give standard error values, not probable errors. 


With reference to skewness it will be noted that below seven 
years of age the distributions are not significantly asymmetrical 
but that between seven and fifteen years they are significantly 
skewed in the positive direction. Maximum positive skewness is 
reached at twelve years. At this age the skewness value is seven 
times its standard error. As regards kurtosis, the distributions 
are mesokurtie below seven years and leptokurtie between seven 
and eighteen years. Maximum leptokurtosis is reached at twelve 
years, being over thirteen times its standard error. Since the nor- 
mal frequency curve is symmetrical and mesokurtie, we conclude 
that the distributions for thoracie cireumference are significantly 
non-normal at least between the seventh and the fifteenth years. 
Another measurement where distributions for certain age intervals 
have long been known to show considerable departure from norm- 
ality is body weight. š 

Tt is in view of such considerations as we have just discussed 
that Tables 1 to 18 inclusive carry a column giving the range. For 
meaningful interpretation of absolute variability the range should 
be consulted in conjunction with the standard deviation value. 


RELATIVE VARIABILITY 

Following the interpretation of dispersion within a given dis- 
tribution consideration is given to a comparison of different dis- 
tributions in regard to this characteristic. Before it is possible 
to compare the variability of any one of the distributions with that 
of any or all of the other 528 distributions, it is necessary that the 
standard deviation values be expressed as pure numbers. Little 
elaboration is needed to make this evident. Obviously the standard 
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deviation for the seven year distribution of bi-trochanterie diameter 
cannot be directly compared with the standard deviation values 
of the body weight or breathing capacity distributions for the 
same age since these measurements are given in different units— 
one in centimeters, another in kilograms, and the third in cubic 
inches. It is also true that the standard deviation of the seven 
year distribution for bi-trochanterie diameter cannot be directly 
compared with the standard deviation of the fourteen year distribu- 
tion for the same dimension, the reason being that the standard 
deviation values are measured around unlike central tendencies. 
Such comparisons, however, may be rendered legitimate and mean- 
ingful if each standard deviation is expressed as a percentage of 
the mean around which it is measured. That is, when absolute 
variability values are divided by their corresponding means and 
multiplied by one hundred, a relative measure is obtained which 
is a pure number, This number is termed the coefficient of variation. 
Coefficient of variation values are given in Tables 1 to 18 in- 
clusive for each distribution. Cursory inspection of these values 
Suggests that variability differs not only from measurement to 
measurement but also from age to age for the same measurement. 
The findings will be summarized in the following: (1) measure- 
ment to measurement differences, and (2) age to age differences, 
For the purpose of making a general comparison between 
measurements, a single coefficient has been obtained for cack 
measurement. Hach summary coefficient represents the mean of 
the relative variation values for all distributions on a measurement 
except that one covering the age interval from birth to three months. 
(Exclusion of the value for the lowest distribution was considered 
advisable in view of the small number of observations on whieh 
it was based.) The obtained coefficients, arranged in increasing 
order, are: | 


Measurement Coefficient 
Maximum head length 3.8 
Maximum head breadth 3.9 
Stature 3.9 
Sitting height 4.1 
Thoracic circumference 5.5 
Transverse diameter of thorax 5.8 
Bi-deltoid diameter 5.8 
Bi-condylar diameter of left femur 5.9 
Bi-condylar diameter of left humerus 6.5 


Bi-trochanterie diameter 6.6 
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Measurement Coefficient 
Antero-posterior diameter of thorax 6.9 
Body weight 13.1 
Breathing capacity 17.5 
Strength of grip 21.7 
Skin and subeutaneous tissue at upperarm baek 21.8 
Skin and subcutaneous tissue at thorax back 23.7 
Skin and subeutaneous tissue at upperarm front 27.6 
Skin and subcutaneous tissue at thorax front 28.6 


The comparative findings which may be drawn from the above 
tabulation аге numerous. A sampling of them are listed below: 

1. Head length is the least variable of the eighteen measure- 
ments. It is 97 per cent as variable as stature, 69 per cent as 
variable as thoraeie cireumference, 58 per cent as variable as bi- 
trochanterie diameter, 29 per cent as variable as body weight, and 
13 per eent as variable as skin and subeutaneous tissue at thorax 
front. 

9. Head breadth is more variable than head length. Harris (10) 
reports the same finding for newborn infants of six nationalities, 
using it as an illustration of the usefulness of the coefficient of 
variation. Sinee his diseussion has double aspect value—lending 
support to the above finding on the one hand and elueidating the 
value of the coefficient of variation on the other—it appears not 
amiss to quote him at this juneture. 

(6... the length or oecipito-frontal diameter . . . . of the head of 
the newborn infant has a. higher standard deviation than the breadth 
(or biparietal diameter). .. the average occipito-frontal diameter 
is greater than the biparietal in all nationalities studied. Sinee the 
oceipito-frontal dimension is larger, it is reasonable to expect that it 
will have a larger absolute variability (standard deviation). When we 
correct for the average magnitudes of the two dimensions by express- 
ing the standard deviations as percentages of their means (that is, as 
coefficients of variation), it appears . . . . that in general the va- 
riability of the breadth of the head is greater than that of the length.’” 
(10, p. 26; 28) 


3. Stature is equal in variability to head breadth and is 95 
per eent as variable as sitting height, 60 per cent as variable as 
bi-eondylar diameter of humerus, and 18 per cent as variable as 
strength of grip. 

4. Antero-posterior diameter of the thorax is the most variable 
of the three thorax measurements; thoraeie eireumferenee is the 
least variable. Thoracic circumference is 95 per cent as variable 
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as the transverse diameter and 80 per cent as variable as the antero- 
posterior diameter. 

5. Variability in breathing capacity is over three times as great 
as variability in thoracie circumference. The same relationship 
holds between body weight and stature. 

6. Bi-trochanterie diameter is more variable than bi-deltoid 
diameter. Stated conversely, bi-deltoid diameter is 88 per eent 
as variable as bi-trochanterie diameter. 

Age-to-age differences in relative variability may best be sum- 
marized by a tabulation of the coefficients obtained for four dis- 
tributions which appear representative of various portions of the 
age period under consideration. The four distributions selected 
are those having as age mid-points four and one-half months, five 
and one-fourth years, fourteen years, and eighteen years. 


Coefficient of 


Variation 

E 
E 5 8 g 
Measurement E P 8 8 
з s : E 
b о ч "m 
Maximum head length 4.9 3.6 3.2 3.4 
Maximum head breadth 5.6 3.7 3.5 3.2 
Stature 44 3.7 5.4 3.6 
Sitting height 4.8 3.9 5.6 4.2 
Thoracic circumference 5.2 2 8.8 7.0 
Transverse diameter of thorax 6.4 5.1 8.3 6.1 
Bi-deltoid diameter 8.6 4.5 7.8 5.5 
Bi-condylar diameter of femur 7.6 4.0 6.8 5.9 
Bi-condylar diameter of humerus 7.2 5.6 7.1 6.2 
Bi-troehanterie diameter 8.0 4.9 9.1 6.6 
Antero-posterior diameter of thorax 7.2 5.8 9.2 8.0 
Body weight 13.0 10.3 20.4 14.1 
Breathing capacity 21.0 15.9 
Strength of grip 20.5 21.6 16.6 
Skin and subcutaneous tissue at upperarm back 16.3 18,3 29.1 32.7 
Skin and subcutaneous tissue at thorax back 20.6 20.5 27.8 30.7 
Skin and subcutaneous tissue at upperarm front 20.4 20.4 34.8 41.7 
Skin and subeutaneous tissue at thorax front 24.9 23.7 37.9 35.0 


The above tabulation is considered to epitomize the following 
findings: 

1. Iowa City white males differ more during the first year of 
life than during the childhood years with respeet to head length, 
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head breadth, stature, sitting height, thoracic circumference, trans- 
verse diameter of the thorax, bi-deltoid diameter, bi-condylar di- 
ameter of the femur and humerus, bi-trochanteric diameter, antero- 
posterior diameter of the thorax, and body weight. 

2. Iowa City white boys differ more among themselves during 
the adolescent years than they do during the years preceding or 
following in stature, sitting height, thoracic circumference, trans- 
verse and antero-posterior diameters of the thorax, bi-deltoid and 
bi-trochanterie diameters, bi-condylar diameter of the femur and 
humerus, body weight, and breathing capacity. With strength of 
grip the rise at thirteen to fifteen years is slight, but the fall to 
eighteen years is decided. 

3. The coefficients for head length and breadth show very little 
change during the years from five to eighteen. There is a slight 
deerease with age whieh suggests that the groups tend to become 
more homogeneous with respect to these measurements, 

4. In general, distributions for the measurements of skin and 


subeutaneous tissue show inereasing heterogeneity with age. 


CHAPTER III 


GROWTH IN THE GROUP: PERCENTAGE 
RATE 


Percentage analysis of mean curves of growth in bodily dimen- 
sions may be approached in three ways. To illustrate: one may 
make such analysis (1) in terms of an initial value, such as the 
value at birth; (2) with reference to a final magnitude, for ex- 
ample, the magnitude at maturity or at senescence; or (3) in re- 
lation to some immediately preceding status, as status at the pre- 
ceding year or day or instant. Approaches (1) and (2) were used 
in Chapter IT, and a series of findings of the type that accrue from 
these approaches was presented. In this chapter attention will be 
concentrated on the third and most valuable approach to the per- 
centage analysis of the ‘‘rhythm of growth.” 


METHODS OF ANALYSIS 


Four methods of determining percentage rates of acecleration 
and retardation at successive ages will be considered. These are 
(1) Brody’s logarithmic method, (2) the method of curve fitting, 
algebraic differentiation, and calculation of velocity ratios, (3) the 
graph-tangentmeter-ratio method, and (4) Minot’s arithmetic 
method, 


Brody’s Logarithmic Method 

The logarithmie method of Brody (2) enables one to obtain per- 
centage rate values—amounts of percentage inerement or decrement 
over giyen units of time—direetly by formula. The procedure is 
economical and reliable. However, the formula is derived from 
the general equation for a simple exponential curve. Examination 
of the integral curves presented in Figures 1 to 5 will show that 
only two of these eurves—those for maximum head length and 
maximum head breadth—approximate the exponential form. Con- 
sequently, this method is rejected ag not being valid for use in this 
study. 

In fairness to Brody, it is important to add (1) that his formula 
was derived for obtaining pereentage rate curves of weight for 
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certain domestic animals, and (2) that he found it to be inapplicable 
to an analysis of human growth in body weight and stature over 
the age period between birth and puberty (3). The method is in- 
troduced here primarily because some have used it for the study 
of percentage rates of physical growth in children. 


Method of Curve Fitting, Algebraic Differentiation, and Calculation 
of Velocity Ratios 

The second method listed for consideration involves application 
of the ealeulus. In terms of the present investigation, the pro- 
cedure would consist of graduating the mean values for each 
measurement, differentiating the derived integral equations, com- 
puting instantaneous rates—gains or losses over negligibly small 
units of time—from the differential equations, and converting the 
obtained absolute rates into a relative or percentage form. Pro- 
vided that each derived integral equation accurately fit the series 
of means it represented, this method would furnish a most precise 
and complete analysis of percentage growth. It is impossible, how- 
ever, to satisfy this provision in the case of almost all of the mean 
curves here under consideration. This was shown in the previous 
chapter. To recapitulate: empirieal equations which ‘‘best approxi- 
mate" the mean curves for the postnatal growth of Iowa City white 
males in various bodily dimensions were found to “smooth,” and 
in some instances to eradicate, major changes in phase. Since these 
changes in phase represent changes in rate of growth, they are 
obviously crucial in the study of the age-to-age irend of percentage 
inerease and decrease. What is needed is a technique for reveal- 
ing, rather than beclouding, such changes. This method, therefore, 
is not used. 

It will probably have occurred to the reader that the limitations 
advanced against curve fitting and the use of differential equations 
would be resolved if the mean curves were broken up into one- or 
This is admitted as probably true. In more 
restricted and refined studies the caleulus may be found ‘invaluable 
for the analysis of human growth." The purpose of this study, 
er, is to treat each mean curve as a unit and, perchanee, to 
are worthy of intensive study. 


two-phase segments. 


howev 
discover those segments whieh 


Graph-Tangentmeter-Ratio Method 


The writer has termed the third method to be discussed the graph- 


tangentmeter-ratio method. The term indicates the three steps 
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which constitute the procedure. First, a mean curve plot of the 
measurement variable to be analyzed is constructed. Secondly, a 
tangentmeter is applied to the curve and the tangent or slope de- 
termined at as many points on the curve as desired. Finally, the 
tangent values are each reduced to percentage values. This last 
step consists of the division of each absolute rate (tangent value) 
by its eorresponding mean magnitude and multiplieation of each 
obtained quotient by 100. 

The relative instantaneous velocities obtained by this method 
and by the method of algebraic differentiation are comparable in 
meaning and theoretically are identical. Practically, each method 
has its specific usefulness. In the event that an integral equation 
ean be derived which accurately fits the form of the curve being 
studied, the mathematical method is the more precise; in situations 
where one cannot obtain a reasonably complex equation which close- 
ly approximates the form of the curve, the graphie method is the 
more precise. The two methods permit an equally complete analy- 
sis since the rate may be determined by either tangentmeter or 
differential equation at innumerable points along the eurve. 

It follows that the graph-tangentmeter-ratio method is the best 
suited of the three methods discussed thus far for making an analy- 
sis of the mean curves obtained in the present study. Nevertheless, 
this is not the method employed. There are two major reasons for 
its rejection. First, it is not as reliable and objective as a mathe- 
matical method. Inevitable approximations of the uncontrolled 
type occur in plotting the mean values, in drawing a smooth free- 
hand curve through the codrdinate points, and in determining the 
tangent values. Secondly, the results obtained are not readily 
verifiable. Whereas a mathematical method permits the reader to 
check hastily any reported value he may desire to confirm, this 
method assumes access to a tangentmeter and necessitates the con- 
struction of a graph. 


Minot’s Arithmetic Method 

The fourth method, the one used in this study, is the arithmetic 
method of Minot. This method was devised in 1891 and apparently 
was first used to obtain the acceleration curve of weight for guinea 
pigs. In a 1908 publication (16) Minot describes the procedure 


" 1 “ т H H . 
for finding the ‘percentage of advance"? during a given interval 
of time as follows: 
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“Take the weight at a given age, and the weight at the next older 
age for which there are observations . . . then express the daily 
[quarterly or annual] inerease as a percentage of the weight at the 
beginning of the period.'' (16, p. 93) 


This method avoids the uneontrolled approximations of the graph- 
tangentmeter-ratio method and ‘‘has the advantage of simplicity 
and rapidity in its practical application.” (16, p. 94) Moreover, 
it keeps the analysis of the observed percentage increments and 
decrements separate from smoothing or interpolation processes and 
permits the latter to be shown, if desired, as a supplementary curve. 


FORM OF PRESENTATION 

Percentage rates of growth, determined by direct application 
of Minot’s arithmetic formula to the means given in Tables 1 to 
18, are presented in Tables 20 to 37. Since the means for each 
measurement (presented in the former tables) were derived from 
age groups of changing size, it follows that various portions of 
the series of rate values for any one measurement (given in the 
latter tables) represent unlike units of time. Below two years, ten 
and one-half months the rate values ате in quarter year terms; 
between three years, three months and six years, three months they 
are for semiannual intervals; above seven years they represent the 
rate of growth per annum. Moreover, there is an interval between 
two years, ten and one-half months and three years, three months 
where the rate is for four and one-half months, and an interval 
between six years, three months and seven years where the rate is 
for nine months. 

Expressed in such diverse terms, the percentage growth of Iowa 
City white males in a given bodily dimension is unhandy to use 
either for age-to-age comparison or for visualization of the entire 
trend, To facilitate these ends, Tables 20 to 37 carry full columns 
of annual pereentage rate. These columns are completed above the 
sixth to seventh year age interval by multiplying the quarterly 
rates by four, the semiannual rates by two, and so forth. 

The tables include another column of absolute rather than relative 
rate, This is added since absolute inerease and decrease values (that 
gain or loss in centimeters, millimeters, kilograms, 


is, amount of « 
or eubie inehes) are of interest in themselves, and are necessarily 


obtained as a by-product in application of Minct’s formula. 
The interpretation of Tables 20 to 87 will be illustrated 
with the values given for stature in the first row of Table 20. 
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Table 20 
Stature: Absolute Gain and Percentage Increment Values for Thirty Age 


Intervals, Covering the Period from One and One-Half Months 
to Eighteen Years, on Iowa City White Males 


Age Interval Pereentage 
БЕ [ Ты | бааа Inerement Annual 
ala nla Centi- i | _ Rate of 
Ее 5 |а meters . Pereentage 
© IE s| °S s Quarterly Semi- Increment 
н 1а |А н ja a | annual | 
1 15 to 4 15 9.98 18.0 72.0 
4 15 to 7 15 5.17 7.9 31.6 
7 15 to 10 15 4.25 6.0 24.11 
1015 to 1 115 3.36 45 18.0 
1 115to 1 415 2.96 3.8 15.1 
Т 2150 1 715 3.28 4.0 16.1 
1 715 to 110 15 2.79 3.3 13.2 
130 18 to 2 1415 2.63 3.6 12.1 
2 115 to 2 415 1.26 14 5.6 
2 415to 2 715 246 2.7 10.8 
2 7 15 to 21015 2.23 2.4 9.5 
21015 to з 3 0 2.04 2:1* 5.7 
3. з Oto 3 9 0 3.82 3.9 7.8 
8 9 00 4 з 0 3.33 3.3 6.6 
4 3 0to 49 0 3.49 3.3 6.6 
4 9 Oto 5 8 0 2.92 2.7 5.4 
5 3 0to 5 9 0 3.09 2. 5.6 
S 9 Oto & 8 Ü 2.92 2.6 5.1 
к йө T op 4.50 3.8** 5.1 
ЭХО Orte. .§ Q ШП 6.22 5.1 
8 0 0to 9 0 0 5.58 44 
9 0 0to10 0 0 5.23 3.9 
10 0 0to11 0 0 4.96 31 
11 0 0to12 0 0 4.61 3.2 
12 0 0to13 0 O 5.51 3.7 
13 0 0to14 0 0 6.08 4.0 
14 0 04095 0 0 5.76 3.6 
15 0 0tol16 0 0 4.58 2.8 
16 0 0to17 0 0 3.78 2.2 
iT 0 01018 0 0 63 4 


*This value represents the pe-centage increase for four and one-half rather than six 
months, 
**The percentage gain over a nine month interval is given by this figure. 


It will be noticed that 6.0 multiplicd by 4 equals 24.0, not 24.1. Seeming inaccuracies 


s this type are due to the fact that all computations were carried to four decimal 
places, 


—Á -— 
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Table 21 


Sitting Height: Absolute Gain and Percentage Increment Values for Thirty 
Age Intervals, Covering the Period from One and One-Half 
Months to Eighteen Years, on Iowa City White Males 


Age Interval Percentage 
ҮТ | tar | ‘Gain Increment Annual 
8 S ja aldla Centi- Rate of 
$|8|» |= meters Percentage 
9|S3,s °| S = uarterly| Semi- Increment 
| i [= |а н А |А annual 
1 15 to 4 15 4.96 13.0 51.8t 
| 4 15 to 715 2.76 64 7 25.5 
7 15 to 10 15 1.94 4.2 16.9 
| 1015 to 1 115 148 3.1 12.4 
1 115to 1 415 1.08 2.2 8.8 
1 415to 1 715 1.72 3.4 13.7 
1 715 to 11015 92 1.8 7.0 
11015to 2 115 111 2.1 8.4 
2 115to 2 415 44 8 8.3 
2 415to 2 715 98 1.8 7.2 
2 715 0 21015 92 1.6 6.6 
2403510 B8 8 0 КЕ 1.3* 3.5 
3 8 Oto 3 9 0 1.63 2.8 5.7 
3 9 0to 4 8 0 1.15 19 3.9 
4 8 Oto 4 9 0 1.33 2.2 44 
49 0to 5 3 0 1.22 2.0 4.0 
53 00 5 9 0 1.47 2.3 4.7 
5 9 0to 6 3 0 .99 1.6 8.1 
6 8 Ü te 7 0 0 1.68 2.0** 3.4 
т 0 0to 8 0 0 2.51 3.8 
8 0 0to 9 0 0 2.06 3.0 
9 0 0to10 0 0 2.19 3.1 
10 0 0#011 0 0 1.53 2.1 
11 0 0to12 0 0 1.79 2.4 
12 0 0to13 0 0 246 3.2 
13 Q 0to14 0 0 2.99 3.8 
14 0 0to15 0 ü 3.03 H 3.7 
15 0 0to16 0 0 2.93 34 
16 0 0to17 0 0 2.17 2.5 
17 0 0to18 0 0 111 1.2 


*This value represents the percentage increase for four and one-half rather than six 


months. 


**'The percentage gain over a nine month i: 
HIt will be noticed that 13.0 multiplied by 4 equals 52.0, not 61.8, Seeming inaccuracies 
of this type are due to the fact that all computations were carried to four decimal 


places. 


interval is given by this figure. 
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Table 22 


Bi-Deltoid Diameter: Absolute Gain and Percentage Increment Values for 
Thirty Age Intervals, Covering the Period from One and One-Half 
Months to Eighteen Years, on Iowa City White Males 


= m E (быш Percentage Annual 
= Рт ainin Increment Жадо 
= | als Centi- is 
"B| n яа meters ' Pereentage 
CHICREBS o/Sie uarterly| Semi- Inerement 
н |а |а | "|а [Аа P annual 
1 15 to 4 15 1.98 12.5 49.91 
4 15 to 7 15 1.60 9.0 35.8 
7 15 to 10 15 .89 4.6 18.2 
10 15 to 1 115 72 3.5 14.1 
1 115 0 1 415 .39 1.9 7.5 
1 415 о 1 715 .31 1.5 5.9 
1 7 15 to 110 15 32 1.5 5.8 
11015to 2 115 52 24 9.5 
2 115to 2 415 19 8 3.3 
2 415 to 2 715 .29 18 5.0 
2 715to 2 10 15 18 8 3.1 
21015 to 3 8 0 56 2.4* 6.5 
8 з Oto з 9 0 ESI 1.9 3.7 
3 9 Oto 4 3 0 52 2.1 4.3 
43 00 49 0 57 2.3 4.6 
49 0to 5 3 0 53 2.1 4.2 
5 3 0to 5 9 0 52 2.0 4.0 
5 9 0to 6 3 0 32 1.2 24 
6 3 0to 7 0 0 97 3.6** 4.9 
YO рт S d Ú 1.34 4.8 
8 0 0to 9 0 0 1.01 8.5 
9 0 0to10 0 0 1.10 8.7 
10 0 Oto1l 0 0 .90 2.9 
11 0 0to12 0 0 1.09 3.4 
12 0 0to13 0 0 1.12 3.4 
13 0 0to14 0 0 1.60 47 
14 0 0 #015 0 0 1.48 4.1 
15 0 0to16 0 0 1.97 3.7 
16 0 0to17 0 0 1.23 3.2 
17 0 0to18 0 0 73 1.8 


*This value represents the 
months. 


percentage inerease for four and one-half rather than six 


**The percentage gain over a nine month interval is given by this figure. 
fit will be noticed that 12.5 multiplied by 4 equals 50.0, not 49.9. 
of this type are due to the fact that all computations were carried to four decimal 


places, 


Seeming inaccuracies 
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Table 23 


Bi-Trochanterie Diameter: Absolute Gain and Pereentage Increment Values 
for Thirty Age Intervals, Covering the Period from One and One-Half 
Months to Eighteen Years, on Iowa City White Males 


Age Interval 
Percentage 
c 7 Gainin Increment Annual 
ald 4 Centi- Rate of 
3 g E meters Percentage 
B Iz 3 uarterly| Increment 
1 15 to 4 15 2.14 18.0 71.91 
4 15 to 7 15 1.12 8.0 31.8 
7 15 to 10 15 49 3.2 12.9 
1015 to 1 115 3 8 3.3 
1 125 0 1 4 15 .09 EU 24 
1 415to 1 715 49 3.1 12.4 
1 7-15 to 1 10 15 33 2.0 8.0 
11015 to 2 115 .20 1.2 4.8 
2 138 to 2 415 19 1.1 4.5 
2 415to 2 715 40 2.3 9.4 
2 715 to 21015 31 1.8 7.2 
21015to 3 3 0 E 1.9* 5.1 
8 3 0to 3 9 0 52 2.9 5.7 
3 9 Oto 4 3 0 836 1.9 3.8 
4 3 0to 4 9 0 40 2. 4.2 
4 9 0to 5 3 0 .37 1.9 3.8 
53 Oto 5 9 0 42 2.1 4.2 
5 9 Oto 6 3 0 T 18 3.6 
6 3 0to 7 0 0 471 3.4** 4.6 
70 Oto 8.00 95 45 
8 0 0to 9 0 0 95 4.3 
9 0 0to10 0 0 1.12 4.9 
10 0 Oto11 0 0 78 3.1 
11 0 0012 0 0 1.07 4.3 
12 0 0to13 0 0 1.28 4.9 
13 0 0to14 0 0 2.10 7.7 
14 0 0to15 0 0 .65 2.2 
15 0 0to16 0 0 1.09 » 3.6 
16 0 0to17 0 0 88 2.8 
17 0 0 +018 0 0 19 6 


*This value represents the percentage increase for four and one-half rather than six 


months. 

"The percentage gain over a nine month interval is given by this figure. 

116 will be noticed that 18 multiplied by 4 equals 72.0, not 71.9. Seeming inaccuracies 
of this type are due to the fact that all computations were carried to four decimal 


places. 


64 IOWA STUDIES IN CHILD WELFARE 


Table 24 


Transverse Diameter of Thorax: Absolute Gain and Percentage Increment 
Values for Thirty Age Intervals, Covering the Period from One and 
One-Half Months to Eighteen Years, on Iowa City White Males 


Age Interval Percentage 
E 9 Gain in Increment Annual 
a la | als Centi- Rate of 
2 Ë Ë 3 El É meters | Ë Percentage 
был 9| i e ps uarterly| Semi- Inerement 
H | A| |а |a ал 
1 15 #0 4 15 1.77 14.6 58.51 
4 15 to 7 15 83 6.0 23.9 
7 15 to 10 15 68 4.7 18.6 
1015 to 1 115 .34 2.2 9.0 
1 115 to 1 415 36 2.3 9.1 
1 415to 1 715 19 1.2 4.9 
1 715to 11015 .30 1.9 7.5 
11015 to 2 115 2 T 2.9 
2 115to 2 415 05 3 1.2 
2 215 16 2 715 12 7 2.8 
2 715 to 21015 04 2 9 
£1015 to 8 3 0 49 LI” 3.0 
8 8 Oto 3 9 0 30 1.8 3.6 
8 9 Oto 4 3 0 26 1.5 3.0 
43 0to 49 0 23 1.3 2.6 
49 0to 5 3 0 31 1.8 3.5 
5 8 Oto 5 9 0 32 17 3.5 
5 9 0to 6 3 0 20 33 2.1 
6 3 0to 7 00 59 Se 4.2 
7-0. O. to 8 0 0 6 4.0 
8 0 Oto 9 ó O 75 3.7 
9 0 0 #010 0 0 83 4.0 
10 0 0tol1l 0 0 55 2.6 
11 0 0to12 0 0 74 3.3 
12 0 0% 13 0 0 110 48 
13 0 Oto14 0 0 1.08 45 
14 0 0to15 0 0 94 3.8 
15 0 0to16 0 0 96 3.7 
16 0 04017 0 0 72 2.7 
17 0 0to18 0 0 65 2.3 


"This value represents the percentage increase for four and one-half rather than six 
months. 
**The percentage gain over a nine month interval is given by this figure. 


116 will be noticed that 14.6 multiplied by 4 equals 58.4, not 58.5. Seeming inaccuracies 


of this type are due to the fact that all computations were carried to four decimal 
places, 
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Table 25 
Antero-Posterior Diameter of Thorax: Absolute Gain or Loss and Per- 
centage Rate Values for Thirty Age Intervals, Covering the 
Period from One and One-Half Months to Eighteen 
Years, on Towa City White Males 


Age Interval 2 | Percentage Rate 

== Gain ог 
P a | " = Lossin | 
кв sls pa Centi- 
Ë E fe 5 2 Е meters КО Semi- | Annual 

(Si re annual 

115 te 415 96 9.4 37.71 

4 15 to т 15 AQ 3.7 14.9 

7 15 to 10 15 40 3.4 13.8 

1015 to 1 115 16 13 5.2 
1 115to 1 415 En 3.1 12.2 
1 ИБО) d. 7 15 10 8 3.1 
1 715to 11015 06 5 1.9 
11015 to 2 115 01 0 2 
2 115to 2 415 —.14 -1.1 4.3 
2 415to 2 715 -.04 -4 ` -14 
2 715 40 21015 04 3 14 
21015to 3 3 0 11 io 24 
3 3 Oto 3 9 0 19 15 3.1 
3.9 Oto 4 3 0 32 2.5 5.0 
4 3 00 4 9 0 12 9 1.8 
49 0to 5 3 0 27 2.0 4.1 
5 3 0to 5 9 0 22 1.6 3.2 
5 9 00 6 3 0 28 2.0 4.0 
6 3 00 7 0 0 ESI EF ш 4.1 
то 00 8 0 0 49 3.4 
8 0 00 9 0 0 42 2.8 
9 0 0to10 0 0 1 3.3 
10 0 Otoll 0 0 .32 2.0 
11 0 0012 0 0 КЕ) 45 
12 0 0to13 0 0 79 AT 
13 0 0 to 14 0 0 S84 4.7 
14 0 0to 15 0 0 69 3.7 
15 0 01016 0 0 .68 3.5 
16 0 0to17 0 0 70 3.5 
17 0 0 #018 0 0 84 4.0 


sThis value represents the percentage increase for four and one-half rather than six 


months. 
**The percentage 


iIt will be noticed that 9.4 multip! 
of this type are due to the fact that all 


places. 


gain over а nine month interval is given by this figure. 
lied by 4 equals 37.6, not 37.7. Seeming inaccuracies 
computations were carried to four decimal 
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Table 26 


Thoracie Circumference: Absolute Gain and Percentage Increment Values 
for Thirty Age Intervals, Covering the Period from One and One- 
Half Months to Eighteen Years, on Iowa City White Males 


Age Interval | Pareentaee 
= Gainin Increment Annual 
|a а i | Rate of 
š E Ё 5 [s Ë еш ' Percentage 
S E Â ed E á uarterly Semi- Inerement 
ESj | » . . annual 
1 15 to 415 4.18 10.9 43.81 
4 15 to Т 15 2.31 5.5 21.8 
7 15 to 10 15 2.00 4.5 17.9 
10 15 to 1 115 1.08 2.3 9.3 
1 115 to 1 415 -90 1.9 7.5 
1 415 to 1 715 69 14 5.7 
1 715 to 11015 76 1.5 6.2 
11015 to 2 115 .07 1 ES 
2 115to 2 415 .27 5 2.2 
2 415 0 2 715 .96 a 2.8 
2 715to 21015 ~.05 -.1 -4 
21015 to 3 3 0 56 13* 3.0 
8 8 Oto 3 90 0 .93 1.8 3.6 
8 9 0to 4 3 0 78 1.5 3.0 
4 3 Oto 4 9 0 .66 1.2 2.5 
4 9 Oto 5 # 0 1.20 2.2 4.5 
5 3 0to 5 9 0 1.02 19 3.7 
5 9 0to 6 3 0 94 LT 3.4 
6 3 0to 7 0 0 1.79 3.2** 4.2 
7T 0 Oto 8 0 0 2.31 3.9 
8 0 0to 9 0 0 2.09 3.4 
9 0 0 #010 0 0 2.60 41 
10 0 0юи 0 0 1.93 2.9 
11-0 0to12 0 0 2.37 3.5 
12 0 0to13 0 0 3.33 4.8 
13 0 0014 0 0 3.48 4.7 
14 0 0to15 0 0 3.20 4.2 
15 0 0to16 0 0 3.23 4.0 
16 0 0to17 0 0 2.24 2.7 
17 0 0 +018 0 0 1.45 17 


*This value represents the percentage increase for four and one-half rather than six 
months, 
**The percentage gain over a nine month interval is given by this figure. 


TIt will be noticed that 10.9 multiplied by 4 equals 43.6, not 43.8. Seeming inaccuracies 
of this type are due to the fact that all computations were carried to four decimal 
places, 
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Table 27 


Body Weight: Absolute Gain and Percentage Increment Values for Thirty 
Age Intervals, Covering the Period from One and Onc-Half Months 
to Eighteen Years, on Iowa City White Males 


= 
Age Interval Porwantage 
ial [= [—| Gainin Increment Annual 
4 | ar tee ll Kilo- Rate of 
| d Е Ë grams Pereentage 
! E á S lS E -— Semi- Increment 
| 19 | | annual 
1 15 to 4 15 3.30 77.9 311.6 
4 15 to 7 15 1.44 19.2 76.6 
7 15 to 10 15 1.16 13.0 519 
10 15 to 1 115 71 7.0 28.0 
1 115 іо 1 415 56 5.1 20.5 
1 415to 1 715 .91 8.0 31.9 
1 7 15 to 11015 7 4.6 18.5 
11015 to 2 115 e 5.5 21.9 
2 f15to 2 415 .28 2.1 8.3 
2 415to 2 7 15 80 5.8 23.1 
2 715 to 21015 .38 2.6 10.3 
910150 3 3 0 .59 8.9* 10.5 
зз Oto 3 9 0 1.08 6.9 13.8 
3 9 0to 4 3:0 76 46 9.1 
4 3 0to 49 0 .97 5.6 11 
4 9 0to 5 3 0 1.04 5.6 11.2 
p 8 Oto 5 9 0 98 5.0 10.0 
5 9 Oto 6 3 0 1.05 5.1 10.2 
6 3 0to 7 0 0 2.02 94** 12.5 
7 0 Oto 8 0 0 2.82 12.0 
з 0 Oto 9 0 0 2.64 10.0 
9 0 0 to 10 0 0 3.56 12.3 
10 0 Otoll 0 0 2.76 8.5 
11 0 0to12 0 0 3.37 9.5 
12 0 0 to 13 0 0 4.99 12.9 
13 0 Oto 14 0 0 4.98 11.4 
14 0 0to 15 0 0 6.32 13.0 
15 0 0to16 0 0 3.42 6.2 
16 0 0to17 0 0 4.07 7.0 
17 0 0to18 0 0 2.24 3.6 


*This value represents the percentage increase for four and one-half rather than six 


months. 
soThe percentage gain 0 
116 will be noticed that 
of this type are due to the 
places. 


th interval is given by this figure. 
4 equals 76.8, not 76.6. Seeming inaccuracies 
11 computations were carried to four decimal 


ver a nine mon! 


19.2 multiplied by 
fact that al 
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Table 28 


Maximum Head Length: Absolute Gain and Percentage Inerement Values 
for Thirty Age Intervals, Covering the Period from One and Onc- 
Half Months to Eighteen Years, on Iowa City White Males 


Age Interval Pereentage š 

mal Í Tal | Өйаш Inerement Annual 
P а |3 Centi- à: Rato of 
a 8 E с Ер meters . Percentage 
аву Elsies Quarterly Semi- Inerement 
н аА н аА | annual | 

1 15 to 415 11 28.31 

4 15 to 7 15 5.0 19.8 

7 15 to 10 15 4.3 17.3 

1015 to 1 115 1.6 6.4 
1 115 to 1 415 2.5 9.9 
1 415to 1 715 1.6 6.4 
1,7 18 to 1-10 15 1.0 4.1 
110 15 to 2 115 1.6 6.3 
2 115to 2 415 4 1.6 
2::4.15 to 2 7T 15 0 0 
2 715 to 21015 i 5 2.1 
2 10 15 to 3:3 0 ~.04 -.2* -6 
8::8 0 to 3 9.0 06 3 7 
38.9 0to 4 3.0 12 2n 14 
47.3) 0 to 4 9 Oo 48 1.1 2.1 
& 9 Oto 5 8 O 13 ry 1.5 
5 # Oto 5 9 0 10 6 11 
5 9 0to 6 3 0 03 2 3 
6:38: 0 to тро 10 DT 7 
Т0 (0 40: 8 0: 0 11 6 
8 0 00 9 00 18 1.0 
910! Ó ito 30 0:0 21 1.2 
10 0 Oto1l 0 0 04 2 
ПЫ. Q to 12 0 0 13 7 
12 0 0to13 0 0 13 7 
13 0 0to14 0 0 .09 5 
14 0 0to15 0 0 45 8 
15 0 0to16 0 0 23 1.2 
16 0 0to17 0 0 19 1.0 
17-0 01018 0 0 -00 0 


*This value represents the percentage increase for four and one-half rather than six 
months, 


**The percentage gain over a nine month interval is given by this figure. 


— Tit. will be noticed that 7.1 multiplied by 4 equals 28.4, not 28.3. Seeming inaccuracies 
of this type are due to the fact that all computations were carried to four decimal 
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Table 29 


Maximum Head Breadth: Absolute Gain and Percentage Increment Values 
for Thirty Age Intervals, Covering the Period from One and One- 
Half Months to Eighteen Years, on Iowa City White Males 


Age Interval 
Percentage 
-ier ш |, Gai Increment Annual 
2lS|«4| £ E Centi- Rato of 
8 s |z] 8 s| ç mete Quarterly Semi- aba 
н аА каа | i 3 annual ae 
1 15 to 4 15 .95 8.7 34.8 
4 15 to 7 15 TT 6.5 26.0 
7 15 to 10 15 33 2.6 10.4 
40 15 to 1 115 22 17 5.8 
1 195 te 1 415 25 1.9 7.6 
1. 45 to 1 T5 12 9 3.6 
1 715 to 110 15 .08 6 2.4 
11015to 2 115 42 9 3.51 
2 115to 2 415 .04 3 1.3 
2 415to 2 715 10 WT 2.9 
2 715 іо 21015 .02 2 6 
21015to 3 3 0 .06 4" 11 
3 3 üt 3 9 0 19 1.3 2.7 
3 9 0to 4 3 0 .07 5 1.0 
4 8 010 4 9 0 .08 6 1.2 
4 9 0to 5 3 0 07 5 1.0 
5 38 Oto 5 9 0 03 2 4 
5 9 Oto 6 3 0 -.02 =l Бе 
6 8 Oto 7. 0 0 .09 8*” 8 
7 0 0to 8 0 0 14 .9 
8 0 00 9 0 0 08 5 
9 0 0to10 0 0 07 5 
10 0 0to11 0 0 .02 4 
11 0 0to12 0 0 .06 4 
2 0 0to13 0 0 10 7 
13 0 0 #0 14 0 0 04 3 
14 0 0to15 0 0 10 ott 
15 0 04016 0 0 .03 2 
16 0 0 #017 0 0 13 8 
17 0 0 #018 0 0 04 2 


*This value represents the percentage increase for four and one-half rather than six 


months. 

**The percentage gain over а nine month interval is given by this figure. 

+16 will be noticed that .9 multiplied by 4 equals 3.6, not 3.5. Seeming inaccuracies , 
of this type are due to the fact that all computations were carried to four decimal 


places. 
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Table 30 
Bi-Condylar Diameter of Left Femur: Absolute Gain and Percentage In- 
crement Values for Thirty Age Intervals, Covering the Period 
from One and One-Half Months to Eighteen Years, 
on Iowa City White Males 


Age Interval Percentage 
p = Gain in Inerement Annual 
ahg nla Centi- Rate of 
S8l8IE| Баа meters | Percentage 
5 E á 5 E á Quarterly — Semi- Increment 
I? [ l annual 
1 15 to 4 15 .62 14.5 58.11 
4 15 to 7 15 35 7.8 29.1 
7 15 to 10 15 19 3.6 14.6 
1015 to 1 115 .21 3.9 15.6 
1 115 to 1 415 18 3.2 13.0 
1 415to 1 715 14 2.5 9.8 
1 715to 11015 .08 1.3 5.4 
11015{о 2 115 20 3.4 13.5 
2 115 #0 2 415 09 1.5 6.1 
2 415 to 2 715 19 3.0 12.1 
2 715 to 21015 14 2.2 8.7 
21015 to 8 3 0 16 2.3* 6.3 
8 3 0to 3 9 0 .16 2.3 4.6 
3 9 Oto 4 3 0 13 18 3.7 
4 3 0to 4 9 0 09 1.8 2.7 
& 9 бао 580 14 2. 4.0 
5 3 0to 5 9 0 .06 49 1.8 
59 0to 6 3 0 12 1.6 3.1 
6 3 Oto 7 0 O 22 3.0** 4.0 
7 0 Oto 8 0 0 33 4.3 
8 0 0to 9 0 0 20 24 
9 0 0to10 0 0 21 2.5 
10 0 Oto1l 0 0 08 1.0 
11 0 0to12 0 0 29 3.3 
12 0 0to 13 0 0 .38 4.3 
13 0 0to14 0 0 .29 3.1 
14 0 0to15 0 0 5 6 
15 0 0to16 0 0 06 6 
16 0 0to17 0 0 .05 5 
17 0 Oto18 0 0 .00 0 


"This value represents the percentage increase for four and one-half rather than six 
months. 
**The percentage gain over a nine month interval is given by this figure. 


1 It will be noticed that 14.5 multiplied by 4 equals 58.0, not 58.1. Seeming inaccuracies 
of this type are due to the fact that all computations were carried to four decimal 
places. 
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Table 31 
Bi-Condylar Diameter of Left Humerus: Absolute Gain and Percentage 
Increment Values for Thirty Age Intervals, Covering the Period 
from Onc aud One-Half Months to Eighteen Years, 
on Iowa City White Males 


Ж Age Interval | Percentage 
Т Г ш. Gain in Inerement Annual 
ald z |E Centi- Rate of 
S B Bl š 2/2 meters Percentage 
NM 3 á S E А uarterly| Sem Increment 
i annual 
1 15 to 4 15 37 11.7 46.91 
4 15 to 7 15 ЕР 6.2 24.7 
7 15 to 10 15 48 5.0 19.8 
1015 to 1 115 .09 2.3 9.1 
1 115to 1 415 09 24 9.5 
T #160, 1 715 05 1.2 47 
1 715 іо 11015 .00 0 zL 
11015 to 2 115 .06 14 5.6 
2 115to 2 415 11 2.7 10.9 
2 415to 2 715 .06 14 5.8 
2 715to 21015 26 5.9 23.6 
21015 to 3 3 0 09 1.9* 5.2 
3 3 Oto 3 9 0 00 -1 -1 
з 9 Oto 4 3 0 .00 0 0 
4 3 0to 4 9 0 10 2.1 4.2 
4 9 0to 5 3 0 00 -1 -2 
5 3 0to 5 9 0 05 11 2.2 
5 9 0to 6 3 0 08 1.7 3.4 
6 3 0to 7 0 0 16 кан 4.3 
7 0 Oto 8 0 0 21 4.1 
8 0 Oto 9 0 0 18 3.3 
9 0 0to10 0 0 .09 1.6 
10 0 Otoll 0 0 04 8 
11 0 0012 0 0 19 34 
12 0 0to 13 0 0 25 48 
13 0 0to 14 0 0 93 5.5 
14 0 0 to 15 0 0 45 2.4 
15 0 0to16 0 0 At 2.6 
16 0 Oto17 0 0 13 1.9 
17 0 0 to 18 0 0 14 2.0 


*This value represents the percentage increase for four and one-half rather than six 


months. 
**The percentage g: 


+16 will be noticed tha 
of this type are due to the 


th interval is given by this figure. 
4 equals 46.8, not 46.9. Seeming inaccuracies 


ll computations were carried to four decimal 


ain over a nine mon! 
t 11,7 multiplied by 
fact that al 


places. 
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Table 32 
Strength of Grip: Absolute Gain and Percentage Increment Values for 
Eighteen Age Intervals, Covering the Period from Three Years, 
Three Months to Eighteen Years, on Iowa City White Males 


Age Interval 
EI T ТЕ Gain in Semi- Annual Rate 
ESI als! a Kilo- annual of Percentage 
E Е Š 8 £ > grams RE Increment 
Bala] JAJA ауу 
гов 0t0 8 9 0 1.88 37.2 74.4 
3 9 00 4 3 0 1.20 17.3 34.51 
43 0to 4 9 0 1.57 19.3 38.7 
£ S Oto & 3 0 92 9.5 18.9 
5 3 0to 59 0 45 4.2 8.5 
5 9 0to 6 3 0 .67 10.5* 12.0 
6 8 Oto 7 6 0 1.23 14.0 
7T O Otw 8 0 0 2.83 21.0 
8 0 0to 9 0 0 2.09 13.2 
9 0 0to10 0 0 2.43 13.6 
10 0 Otoll 0 0 2.17 10.7 
IL 0 0to 12 0 0 2.50 111 
12 0 0to13 0 O 4.18 16.7 
13 0 0to14 0 0 4.75 16.3 
ПИО Oto 15 0 0 4.95 14.6 
15 0 0to16 0 0 5.89 15.2 
16 0 0to17 0 0 3.54 7.9 
17 0 0to18 0 0 4.13 8.6 


"The percentage gain over a nine month interval is given by this figure. 

TIt will be noticed that 17.3 multiplied by 4 equals 34.6, not 34.5. Seeming inaccuracies 
of this type are due to the fact that all computations were carried to four decimal 
places. 


During the quarter year interval between one and one-half months 
and four and, one-half months of age the mean gain of Iowa City 
white males in erown-heel length is approximately 10 em. Over the 
same quaterly interval the mean percentage increment in crown-heel 
length is 18 per cent. Stating this latter in annual terms, between 
one and one-half and four and one-half months of age Iowa City 
white males as a group are growing іп crown-heel length at the 
rate of 72 per cent increase per year. 

In the matter of graphie representation of pereentage rate trends, 
à single graph for each measurement based on the annual pereent- 
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Table 33 
Breathing Capacity: Absolute Gain and Percentage Increment Values for 
Fourteen Age Intervals, Covering the Period from Five Years, Three 
Months to Eighteen Years, on Iowa City White Males 


Age Interval | š | | 

= E: Gain in Semi- Annual Rate 
ES Ble Cubic annual | ofPercentage 
ЗЕК ЧЕ Inches Hereeutags Increment 
Ev l á Sls nerement | 
5 3 Oto 5 9 0 10.72 19.1 38.31 
5 9 0 fo 6 S 0 4.90 7.3 14.7 
6 3 0to 7 0 0 6.92 9.7" 12.9 
T 0 Oto 8 0 0 13.91 17.7 
з о to 9 0 0 11.02 11.9 
9 0 0to10 0 0 12.03 11.6 
10 © :0^to 1I 00 12.04 10.4 
11 0 {Otto 38 0 0 14.38 11.3 
12 0 0to13 0 0 15.53 10.9 
13 0 0to 14 0 0 22.46 14.3 
14 0 0to15 0 0 23.92 13.8 
15 0 0to16 0 0 23.64 11.6 
16 0 0to17 0 0 20.02 8.8 
17 0 0to18 0 0 9.76 3.9 


*The percentage gain over a nine month interval is given by this figure. 


TIt will be noticed that 19.1 multiplied by 4 еача! 38.2, not 38.3, Seeming inaccuracies 
of this type are due to the fact that all computations were carried to four decimal 


places. 
ployed. Or three graphs for 
fforded—one covering the age 
ver which there are quarterly rates, another covering the 
ate age span, and the third over the span of years 
are the directly obtained values. Pre- 
wed neither of these procedures to 


age rate values might have been em 
each measurement might have been a 


period о 
semiannual т 
for which annual rates 
liminary experimentation sho 
be as desirable as a compromise. 

Three graphs for each measurement were found to be unwarrant- 
ed since the semiannual and annual eurves when drawn separately 
showed nothing that was not portrayed with equal elearness (after 
eonverting the former to annual terms) when the two were com- 
bined. On the other hand, single graphs in annual terms gave un- 
necessarily crude percentage rate plots owing to the rapid and 
marked decrease in percentage growth common to most bodily 
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Table 34 
Skin and Subeutaneous Tissue at Thorax Front: Absolute Gain or Loss 
and Percentage Rate Values for Thirty Age Intervals, Covering 
the Period from One and One-Half Months to Eighteen 
Years, on Iowa City White Males 


Age Interval Percentage Rate 
г ест оаа Саіп ог 
ala PEE Loss in 
Ер Blais Milli- 
ое °S sls meters ачен Semi- Annual 
HJA jR| аја annual 
1 15 to 4 15 62 16.1 64.5 
4 15 to Т 15 —46 —10.3 —41.0 
7 15 to 10 15 —36 -91 —36.3 
1015to 1 115 —.08 — 2.2 — 8.9 
1 115 0 1 415 «17 4.9 19.7 
1 415 #0 1 715 —.23 - 6.3 —25.2 
1 715 to 11015 —.06 = 1.8 -7.0 
1 10 15 to 2 115 —.08 -23 - 93 
2 115 to 2 415 —.07 - 2.0 -79 
2 415to 2 715 —:08 - 5 - 2.0 
2 715 to 210 15 23 7.1 28.3 
21015to 3 3 0 .01 4% 2.1 
3 8 00 3 9 0 —.07 -2.1 _ 41 
3 9 0to 4 3 0 — 27 =7.9 -15.9 
4 3 0to 49 0 —.05 -1.5 - 8.1 
49 00 5 8 0 =T -2.2 = 44 
5 3 0to 5 9 0 .06 2.1 4.3 
5 9 0to 6 3 0 —.25 -8.2 -16.3 
6 3 0to 7 0 0 21 qare 10.0 
7T 0 Oto 8 0 0 19 6.2 
8 0 0to 9 0 0 En 114 
9 0 0to10 0 0 —.11 - 3.0 
10 0 0toll 0 0 AT 13.4 
11 0 0to12 0 0 20 5.0 
12 0 0to13 0 0 37 8.9 
13 0 0to14 0 0 19 4.2 
14 0 0to15 0 O 10 2.1 
15 0 0to16 0 0 —18 - 8.7 
16 0 0to17 0 0 .05 11 
17 0 0 #018 00 Al 2.3 


"This value represents the percentage increase for four and one-half rather than six 
months. 
**The percentage gain over a nine month interval is given by this figure. 


TIt will be noticed that 16.1 multiplied by 4 equals 64.4, not 64.5. Seeming inaccuracies 
of this type are due to the fact that all computations were carried to four decimal 
places. 
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Table 35 
Skin and Subcutaneous Tissue at Thorax Back: Absolute Gain or Loss 
and Percentage Rate Values for Thirty Age Intervals, Covering 
the Period from One and One-Half Months to Eighteen 
Years, on Iowa City White Males 


Apo Interval B Percentage Rate 
teal ie Gain or 
ald “|@ | Loss in 
8 g 5 5 5 |2, Milli- , 
Su SS |e meters Quarterly Semi- Annual 
н аА | mis la | aerial 
1 15 to 4 15 61 14.3 51.01 
4 15 to 7 15 —48 - 9.7 -39.0 
7 15 to 10 15 —.18 = 4.0 -16.1 
10 15 to 1 115 .01 2 7 
1 115to 1 415 .03 8 3.2 
1 415to 1 715 -.02 - 6 - 23 
1 735 6 11015 —13 = 84 —12.6 
11015 to 2 115 —15 - 3.8 —15.0 
2 115to 2 415 —.09 - 2.2 - 8.6 
2 415 to 2 715 E 5.8 23.2 
2 715to 21015 2 5.0 20.0 
21015 to 3 3 0 .06 1.3* 3.5 
3 3 0to 3 9 0 —.29 -6.7 -13.4 
з 9 Oto 4 3 0 —27 —6.6 -13.2 
4 3 0to 4 9 0 =17 4.4 — 89 
4 9 0to 5 3 0 14 4.0 7.9 
5 3 0to 5 9 0 .01 2 4 
5 9 Oto 6 3 0 -.19 -5.1 -10.2 
6 3 0to 7 0 0 31 а" 11.5 
ç Q Oto 8 0 0 12 3.1 
8 0 0to 9 0 0 .05 12 
9 0 0to10 0 0 —.04 - 10 
10 0 Otoll 0 0 .95 6.2 
1 0 0012 0 0 45 3.5 
12 0 0to13 0 0 23 5.2 
13 0 Otol4 0 0 11 24 
14 0 0 to 15 0 0 al 2.3 
15 0 0to 16 0 O 4,12 2.5 
16 0 0 #017 0 0 19 3.8 
17 0 0tol18 0 0 24 4.6 


*This value represents the percentage increase for four and one-half rather than six 


months, 

**The percentage gain over а nine month interval is given by this figure. 

ТТЕ will be noticed that 14.3 multiplied by 4 equals 57.2, not 57.0. Seeming inaccuracies 
of this type are due to the fact that all computations were carried to four decimal 


places. 
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Table 36 
Skin and Subcutaneous Tissue at Upperarm Front: Absolute Gain or Loss 
and Percentage Rate Values for Thirty Age Intervals, Covering 
the Period from One and One-iialf Months to Eighteen 
Years, on Towa City White Males 


Age Interval | Percentage Rate 
ЛЕ “Г | tern 
ЧЕ ele | Milli- | © 
оо ај © в ш b R erly] Semi- Annua 
машаа) ee ш, | | 
1 15 to 4 15 78 19.8 79.11 
4 15 to 7 15 30 6.9 27.6 
7 15 to 10 15 —48 —10.3 —41.1 
1015 to 1 115 .08 1.8 7.4 
k T Bto 4 4 5 -00 = of = wh 
1.418 to 1 715 —.08 - 2.0 - 7.8 
1 7 15 to 11015 —31 = 013 —29.3 
11015 to 2 115 05 1.3 5.4 
2 115to 2 415 —.26 ~ 6.7 26.6 
2 415 to 2 715 42 11.5 46.2 
2 7 15% 21015 — 05 _ 11 - 45 
21015to 3 3 0 .35 8.6* 22.9 
8 8.0to 3.9 0 —.20 4.6 — 9.2 
3 9 0to 4 8 0 .20 4.9 9.8 
218) Oto 4 p O —32 -T.3 -14.7 
* 0 Oto 5 $ 0 .00 d 2 
Š 3 Oto 5 9 0 —.08 -1.9 - 3.9 
5 9 0to 6 3 0 —48 -11.9 —23.9 
Bre Сот 0 0 18 pars 6.9 
7'0 Oto 8 0 0 —.03 - 8 
8 0 00 9 0 0 11 3.0 
9 0 0 #010 0 0 —04 = 1.1 
10 0 0ю1 0 0 94 9.1 
1 0 0to123 0 O —09 - 2.2 
12 0 0to13 0 0 02 5 
13 0 0to14 0 0 -12 | = 8.0 
14 0 0to15 0 0 —.27 — 7.0 
15 0 2016 0 0 Hany: = 7.5 
16 0 0 #017 0 0 —09 — 2.7 
17 0 0to18 0 O —.03 - 9 


*This value represents the percentage increase for four and one-half rather than six 
months, 


**"The percentage gain over a nine month interval is given by this figure. 


TIt will be noticed that 19.8 multiplied by 4 equa!s 79.2, not 79.1. 
of this type are due to the fact that all comp 
places. 


Seeming inaccuracies 
utations were carried to four decimal 
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Table 37 
Skin and Subeutancous Tissue at Upperarm Back: Absolute Gain or Loss 
and Percentage Rate Values for Thirty Age Intervals, Covering 
the Period from One and One-Half Months to Eighteen 
Years, on Iowa City White Males 


Age Interval " | Percentage Rate 
[ESI Gain or 

ala AE Lossin 
3 s |° š Š Š ra uarterly Semi- Annual 
ix A А [^ a 1 annual 

1 15 to 4 15 .62 12:6) v 50.31 

4 15 to 7 15 28 5.0 20.0 

7 15 to 10 15 —.10 = 1.7 — 68 

10 15 to 1 115 06 1.1 4.3 
ато dox 39 -06 1.1 44 
Laub о X. 715 —.23 — 8.9 —15.6 
І 07 Toto 710 15 -11 - 2.0 — 8.1 
130 18 to 2 115 16 2.8 11.3 
2 115 to 2 413 11 1:9 7.7 
2 415to 2 715 -.10 - 18 - 7.0 
2 715 to 21015 27 4.7 18.8 
21015to 3 3 0 94 5.7* 15.1 
3.3 Oto 3 9 0 -.19 -3.1 = 6.2 
3 9 Oto 4 3 0 -.07 -1.2 - 24 
4 3 Oto 4 9 0 .00 0 0 
4 9 Oto 5 3 0 —.22 -3.7 - 7.8 
5 3 0to 5 9 0 .05 8 17 
5 9 0to 6 3 0 —.05 - 8 - 16 
6 3 0to 7 00 30 5.2** 6.9 
7 0 Oto 800 47 2.8 
8 0 0to 9 0 0 16 2.7 
9 0 0to10 0 0 —.02 = 8 
10 0 Otoll 0 0 58: 0 8.3 
11 0 04012 0 0 -.02 = 
12 0 0to13 0 0 -.24 — 8.5 
13 0 Otel4 0 0 —.28 = 4.2 
14 0 0to15 0 0 —55 — 8.6 
15 0 04016 0 0 —42 - 7.2 
16 0 0 027 0 0 05 9 

L 17 0 0018 0 0 —.06 = 1.1 


*This value represents the percentage increase for four and one-half rather than six 


months, 
"*Tke percentage gain over a nine month interval is given by this figure. 
lied by 4 equals 50.4, not 50.3, Seeming inaccuracies 


It will be noticed that 12.6 multipl 
that all computations were carried to four decimal 


of this type are due to the fact 
places. 
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dimensions during the first year or two of life. This is in contrast 
to the relatively small increments and decrements in rate during 
the succeeding years. 

A few figures will readily indicate the erudeness that would 
characterize single graph analysis. Iowa City white males increase 
in body weight at the rate of 312 per cent per year over the in- 
terval from one and one-half months to four and one-half months, 
at the rate of 22 per cent per year for the twenty-two and one-half 
to twenty-five and one-half months interval, and at the rate of 7 
per cent per year between the sixteenth and seventeenth years. 
Obviously a percentage rate trend for this measurement would 
show a long, almost perpendicular decline over the first year or 
so and would unduly minimize the changes in rate of growth which 
occur between this age and the seventeenth year. Similar figures 
might be cited for other measurements. For instance, over the 
same age intervals as used for weight, stature shows gains of 72, 
12.1, and 2.2 per cent, respectively. 

In view of the above findings, percentage rates of growth are 
graphed on the quarterly basis between one and one-half and thirty- 
four and one-half months of age and in annual terms between 
thirty-four and one-half months and eighteen years. This pro- 
cedure reduces the number of graphs on each measurement to a 
limit consistent with the counter objective of clearly exhibiting 
changes in phase (changes from acceleration to retardation in rate 
and vice versa) over the entire age period under analysis. 


QUARTERLY PERCENTAGE RATE CURVES 

Percentage rate trend lines for each of sixteen bodily dimensions 
of Iowa City white males are given in Figures 9 to 12. These curves 
extend over the age period from 115-415 months to 3115-3414 
months and are drawn to the quarterly percentage rate values pre- 
sented in Tables 20 to 31 and 34 to 37. The values for each 
measurement are plotted on a separate graph. 

Since the sixteen graphs have a common abscissa seale, they are 
interpreted in like manner. The point plotted direetly above the 
abscissa scale marking of ''115-415" gives, by its corresponding 
ordinate scale value, the mean rate of growth in the measurement 
during the quarterly interval included between the limits of one 
and one-half months and four and one-half months, The next 
plotted point represents the mean percentage rate for the quarter 
year from four and one-half months to seven and one-half months 
of age. Succeeding points have similar meanings. 
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Figure 9. Relative velocity trends for stature, 
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Figure 10. Quarterly “percentage rate’? curves are given for transverse diam- 
eter of thorax, antero-posterior diameter of thorax, thoracic cireumference, 
and body weight. The curves are derived from means for Iowa City white 
males and are drawn to the quarterly values presented in Tables 24 to 27 
inclusive. 
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Figure 12. Trends illustrating the relative aeceleration-retardation rhythm for 
four measurements of thickness of skin and subcutaneous tissue are given. 
The trends are derived from means for Iowa City white males and are drawn 
to the four series of *' quarterly percentage rate’? values given in Tables 34 
to 37. 
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Examination of the graphs reveals the following findings: 

1. The sixteen curves have one characteristic in common: all 
make a rapid initial descent. The steepness of this descent is in- 
dicated by a contrast of the rate values for the first and second 
quarterly intervals. During the quarter year interval from 11⁄- 
414 months the mean percentage inerement is, approximately, 78 
per cent for body weight, 18 per cent for stature and bi-trochan- 
terie diameter, 14.5 per cent for bi-condylar diameter of left femur 
and for skin and subcutaneous tissue at thorax back, and 9 per cent 
for maximum head breadth and antero-posterior diameter of the 
thorax, The mean growth for this selected series of measurements 
falls during the succeeding quarter year (410-715 months) to 19 
per eent for body weight, 8 per cent for stature and bi-trochanterie 
diameter, 7 per cent for pi-condylar diameter of femur and maxi- 
mum head breadth, 4 per cent for antero-posterior diameter of 
thorax, and —10 per cent for skin and subeutaneous tissue at thorax 


back. 

9. Nine of the curves 
months and 3115-3415 months. 
sitting height, bi-deltoid diameter, pi-trochanterie diameter, trans- 
verse diameter of thorax, bi-condylar diameter of femur, maximum 
head breadth, skin and subeutaneous tissue at upperarm front, and 
body weight indicate a fall in mean pereentage rate of growth 
from 2215-2515 months to 2514-2814 months, a rise in mean rate 
for the following quarter year, and a decline in percentage growth 
from 9815-3115 to 3115-3415 months. Section A of Figure 13 
“spots” this three phase segment for cach of the nine 


are similar in form between 9915-9515 
That is, the curves for stature, 


graphieally 
measurements. 

3. The curves for stature, sitting height, bi-trochanterie diame- 
ter, and body weight are of the same general form between 41⁄- 
т and 1915-9215 months. Each is charaeterized by a eontinual 
reduetion in mean rate from 415-1V5 to 1315-1615 months, an in- 
crease in percentage gain for the quarter year 1615-1915 months 
and a deerease in relative growth rate for the remaining quarterly 
(See Section B of Figure 13.) 
ad breadth, maximum head 
bi-condylar diameter of 


interval. 
4. The eurve 
length, bi-eondylar 


s for maximum he 
diameter of femur, 
humerus, and for skin and subeutaneous tissue at upperarm front 
follow a like course from 1314-1644 to 2215-9515 months. There 
is a descent in rate for the first two quarterly intervals and an 
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Figure 13. Segments of nine curves having a simil 
tion A of this graph. Sections B and C show ве 
five eurves, respeetively, which follow like trends, Each Segment represents 
relative rate analysis of conseeutive quarterly means obtained from measure- 
ment of Iowa City white males, 


ar form are shown in Sec- 
Ements of four curves and 
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ascent for the quarter year 2215-2515 months. This is shown by 
Figure 13, Section C. i 

5. The eurves for maximum head breadth and maximum head 
length are almost identical in form from 114-414 months until 
2515-9815 months. Both show maxima at 115-415, 1315-1615, and 
2315-9515 months; both show minima at 1015-1315 and 1915-2215 
months. 

6. The curves of bi-condylar diameter of femur and of skin 
and subeutaneous tissue at upperarm front show corresponding 
maxima and minima throughout. Each has maxima at 115-415, 
1015-1315, 1915-2215, and 2815-3115 months. Minima occur at 
115-1015, 1915-2215, 9515-9815, and 3115-3415 months. 

T. The curves for skin and subeutaneous tissue measurement 
at thorax front and back and at upperarm back have a maximum 
at 1315-1615 months. The thorax front and back curves are charac- 
terized by a minimum at 415-115 months. The curves for upper- 
arm front and back show a corresponding minimum at 115-1015 
months and, in addition, have a maximum in common at 2215-2515 


months. 


ANNUAL PERCENTAGE RATE CURVES 
The technique used in analysis of percentage increments and 
deerements expressed in annual terms parallels that employed in 
the previous section. Figures 14 to 22 afford graphie presentation 
of the annual percentage rate values itemized in the lower two- 
thirds of column four, Tables 20 to 37. А separate aeceleration- 


retardation curve, covering the age period from thirty-four and 
one-half months to eighteen years, is given for each measurement. 
Tm all there are percentage rate trends for eighteen physical meas- 


urements on Iowa City white males. 
The findings, as arrived at by inspection of the graphs, are enu- 


merated below: 

1. A primary minim 
614 years for head breadth, he 
diameter, bi-trochanterie diameter, 
skin and subeutaneous tissue at upperarm front, at thorax front, 
and at thorax back. The eurves for stature and for skin and sub- 
cutaneous tissue at upperarm baek show a secondary deflexure at 
this point. An analogous ‘‘low”’ is reached at 514-534 years in 
strength of grip, body weight, and bi-eondylar diameter of femur; 
at 434-514 in thoracie cireumference ; and at 414-434 years in 


antero-posterior diameter of thorax. 


um in mean rate of growth occurs at 534- 
ad length, sitting height, bi-deltoid 
transverse diameter of thorax, 
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Figure 14. The above curves show the annual rate of percentage increase for 
two anthropometric dimensions on Towa City white males over the age period 
from three to eighteen years. The curve for stature is drawn to the lower 
nineteen annual increment rates given in Table 20, The sitting height trend 
is plotted to the corresponding series of values from Table 21, 
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Figure 16. These trends illustrate the mean increment, in per cent per year, 
of Iowa City white males in transverse and antero-posterior diameters of the 
thorax. The trends are drawn to the two series of annual percentage rates, 
for the age range from three to eighteen years, given in Tables 24 and 25. 
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Figure 19. These curves show the annual rate of percentage gain for bi-con- 
bi-eondylar diameter of left humerus. 


dylar diameter of the left femur and i 
The curves are derived from means for Iowa City white males and are plotted 
to annual increment rates presented in Tables 30 and 31. 
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Figure 21. These curves portray the relative acceleration-retardation rhythm, 
from three to eighteen years, for thickness of skin and subeutaneous tissue 
at thorax front and thorax back. The curves are derived from means for 
Towa City white males and are plotted to annual percentage rate values found 


in Tables 34 and 35. 
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9. The curves for transverse diameter of thorax, thoracic cir- 
eumferenee, body weight, bi-trochanterie diameter, bi-deltoid di- 
ameter, and antero-posterior diameter show maxima at 614-7 and 
9-10 years. The 9-10 years peak is a secondary maxima of the 
curves for bi-deltoid diameter and antero-posterior diameter of 
thorax. A maximum at 614-7 years also characterizes the curves 
for all four measurements of skin and subcutaneous tissue. Sitting 
height, bi-condylar diameter of femur, strength of grip, and breath- 


ing capacity trends show a maximum during the succeeding year 


(7-8). 

3. Major minima at 10-11 years and at 17-18 years are found 
in the eurves for stature, sitting height, bi-deltoid diameter, bi- 
irochanterie diameter, transverse diameter of thorax, thoracie cir- 
cumferenee, body weight, bi-condylar diameter of femur, and 
The trends for strength of grip, bi-condylar 


breathing capacity. 
ax show 


diameter of humerus, and antero-posterior diameter of thor: 
minima at 10-11 years and 16-17 years. All twelve curves reach 


a maximum at 12-13 or 13-14 years. 

4. The curves for maximum head length and breadth have 
minima in common at 534-614, 10-11, and 17-18 years. They are 
dissimilar, however, with reference to maxima. The head breadth 

10, and 15-16 years; 


trend is characterized by maxima at 414-434, 9- 
the head length trend has maxima at 314-334, 7-8, and at alternate 


years from 12-13 forward. The fluctuations in the latter eurve 
beyond 12-13 years probably do not represent biological reality. 
It should be reeognized that growth in head dimensions is slight 
during these years, and eonsequently percentage rate eurves are 
necessarily derived from small differenees in mean maenitude. In 
general, the eurves appear surprisingly regular. Partieularly in- 
teresting is the marked depression in rate at 10-11 years which 
both measurements have in common with the twelve measurements 
diseussed in the second of these findings. 


The curves for the four measurements of skin and subeuta- 
w maxima in common at 614-7, 10-11, and 17-18 
Common minima oceur at 534-614, 
The eurves for thorax baek, upper- 
fall abruptly at 314-394 years. 
erarm front have a secondary 


5: 
neous tissue sho 
years (16-17 in one instance). 
9-10, and around 14-15 years. 
arm front, and upperarm back 
Thorax front, thorax baek, and upp 
peak at 12-13 years. 

The most impressive sit 
rate during the 10-11 years. 


ngle finding is the mean decrease in growth 
This is common to every measure- 
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ment analyzed but those for skin and subcutaneous tissue. Hardly 
less striking is the “high?” in percentage rate found during this 
year interval for the latter measurements. Figure 23 contrasts 
the percentage growth at annual intervals from 8-9 to 11-12 years 
for a series of measurements of each type. The directly opposite 
trend of the four measurements of skin and subcutaneous tissue 
on the one hand and of six general body dimensions on the other 
is evident and well-marked. 

It appears reasonable that during the ‘low’? in general bodily 
growth from age ten to eleven years there should be an inereased 
deposit of subeutancous fat. Likewise, it does not seem far-fetched 
to expect that, with the beginning of the preadolescent increase 
in the rates of growth for most physical dimensions, this stored fat 
should be drawn upon. These deductions, of course, are intended 
to be read as suggestive comment, not as rigorous explanation, 


GENERALIZED PERCENTAGE RATE CURVES 


The analysis made in the preceding two sections may best be 
epitomized and given perspective through the medium of a few 
generalized or semischematie curves. Four such curves are pre- 
sented in Figure 24, 

The values to which these curves are drawn were obtained from 
smoothed trends. The entire series of annual percentage rates for 
each measurement was plotted on a graph twenty-four by eighteen 
inches and the point-to-point curve subjected to free-hand smooth- 
ing. 

All four curves make an initial steep descent indicative of the 
very rapid decline in rate of growth during the first year, Beyond 
this age the lines diverge and each is characterized by at least one 
unique feature. 

The curve for bi-condylar diameter of femur continues down- 
ward but in a less abrupt manner until 5-6 years. Thereafter it 
describes two convex ares—one extending from 5-6 to 10-11 years 
and the other from 10-11 to 17-18 years. The latter is positively 
skewed since mean growth in this dimension is slight after fifteen 
years. 

The trend for sitting height descends somewhat more rapidly 
than the one for femur until about 2-3 years. Between 3-4 and 
5-6 years it exhibits an almost constant growth vate, There is a 
decline at 6-7 years followed by two conyex ares which span the 
age periods from 6-7 to 10-11 years and from 10-11 to 17-18 years. 
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The curve for thoracic circumference descends sharply from 1-2 
years to reach a minimum about three years. It then rises again 
until around four years. Between 5-6 and 10-11 years it parallels 
the are described by bi-condylar diameter of femur, whereas be- 
tween 10-11 and 17-18 years it follows the course of the are de- 
seribed by sitting height. 

The trend for skin and subcutaneous tissue at upperarm back 
fluetuates considerably above and below the eurves for the general 
bodily measurements. It has primary minima at approximately 
two, five, and fifteen years and maxima at three, seven, 10-11, and 
17-18 years. The tendeney for pereentage rate curves of skin and 
subcutaneous tissue to counterbalance like curves for general bodily 
measurements over certain age periods is again indicated. From 
10-11 to 17-18 years the upperarm back eurve describes a decidedly 
concave rather than convex are. The abrupt rise at about three 
years, offsetting the fall in the trend for thoracic circumference, 


js also suggestive. 


CHAPTER IV 


GROWTH OF THE INDIVIDUAL 


There are two approaches to an analysis of the growth rhythm 
for any bodily dimension. Attention has thus far been confined 
to the generic or collective approach. This chapter will supple- 


ment the generic picture with a few findings from the specifie or 
individual approach. 


GENERAL FORM OF INDIVIDUAL CURVES 

Seammon (18) has compared an individual height curve with 
a mean curve for the same linear dimension. Не finds that ‘the 
general form of the eurve is essentially the same in both instances” 
but points out that ‘The prepuberal inerease in height of the in- 
dividual is a little more abrupt than that of the group. . . .” (18, 
р. 335) Тһе generalized eurve used in making the comparison is 
based on annual means for a French population ; the seriatim curve 
is drawn to semiannual height measurements for a single (French) 
white male. The latter covers the age period from birth to eighteen 
years and is described as showing 


“©... a period of rapid growth during infancy and early childhood ; 
a middle period, extending from three to nearly thirteen years, in 
Whieh growth is slow but constant; a marked period of prepuberal 
acceleration, from about thirteen an 


d one-half to fifteen years, and a 
period of slow terminal inerement thereafter.’? (18, p. 331) 


Individual eurves for the 


growth of four brothers in body weight 
are also afforded by Seamm 


on (21, p. 181-183). These curves ex- 
tend over the age period from birth to twenty years and are drawn 
to year-by-year ponderal values obtained by Professor Martin 
Guttmann of Vienna, They are considered to follow the same 
“double sigmoid course? as the height curve except for ‘‘some 
accentuation of the points of inflection of the progression and a 
more marked inerease in the rate of growth in the years preceding 
puberty." (21, p. 181) Inspection of the trends confirms the im- 
plication of this last phrase, namely, that individual weight eurves 
for white males tend toward coneavity during the childhood. years. 

Unfortunately, the data of the present investigation do not in- 
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clude seriatim observations for any measurement over the full age 
period from birth to eighteen years. The longest individual records 
extend from approximately five to eighteen years. Figure 25 gives 
six individual trend lines for stature and a like number for bi- 
trochanteric diameter over this thirteen-year age span. The stature 
curves were selected to represent six diverse height levels at nine 
years of age. The bi-troehanterie diameter curves are for the same 
individuals as the stature trends. Examination of the figure yields 


the following observations: 
1. The individual stature eurves are of the same general form 


as the mean curve for stature. 

2, Each of the six specific stature trends has a greater sharp- 
ness and steepness to its major inflection than is shown by the mean 
eurve. . 

3. The major inflection is Jess marked in the mean trend because 
it is timed variously in the individual stature sequences. The be- 
ginning of the rapid incline in the six individual curves ranges 
over a period of four and one-half years—from about eleven to 
fifteen and one-half years of age. | 

4. The. individual trends for bi-trochanteric diameter fluctuate 
too frequently to allow meaningful comparison with the mean 
curve for this physical dimension. 


It appears appropriate to cite a series of approximately eighty 


individual growth curves for white males presented by Baldwin 
(1). These curves include trends for stature, sitting height, body 


"acie. circumference, and breathing capacity. They ex- 
tend over the age interval from six to eighteen years. The individual 
curves for stature and sitting height most consistently parallel 
their corresponding mean trends in general form. The curves for 
the other three measurements are considerably more irregular. 

With reference to the period from six to eighteen years, it ap- 
pears that, in general, individual curves for bi-troehanterie di- 
ameter, thoracie circumference, body weight, and breathing capacity 
may be considered in only a crude sense, if at all, to show the form 
of their respective mean curves. On the other hand, individual 
trends for stature appear to follow essentially the same general 
form as the mean curve for stature. 

The generalization that individual stature curves are of the same 
ў as the mean eurve between six and eighteen years 
support since it is challenged by at least one major 


weight, tho 


general form 
requires further 
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study. Baldwin, to be specifie, reports two forms of individual 
stature curve during these years. He writes: 

«се the increments of growth in stature before adolescence are rel- 
atively uniform (i.e. represented by a straight line on the charts) this 
uniformity in inerease tends to persist throughout adolescence. If 
there is retardation before adolescence the tendency is to show a rapid 
acceleration during adolescence, as а compensating factor.’’ (1, р. 92) 

Two questions follow from this statement: (1) Do the data of the 
present study reveal these two types of curve? (2) If so, what 
proportion of Iowa City white males show the “acceleration” type 
and what proportion the * uniform? or linear form? 

To answer these questions individual eurves for growth in stature 
were construeted for fifty white males. No criterion of selection 
was used other than availability. All reeords were graphed that 
furnished seriatim measurements for the necessary number of years. 
For the most part the records afforded measurement values at semi- 
annual intervals. 

The fifty indvidual curves? were independently analyzed by the 
writer and by Dr. Helen L. Dawson, research associate jn anthro- 

of the Iowa Child Welfare Research Station. The method 


pometry, 
of classification used was that suggested and apparently used by 


Baldwin, that is, departure or nondeparture from a rectilinear 
trend. Forty-eight of the fifty curves were found to show un- 
equivocal acceleration. One of the remaining curves was con- 
sidered to show slight acceleration; the other was characterized 
by fluctuations which made clean-cut classification impossible. 
While much depends on the connotation which Baldwin intended 
should be given to the phrases “relatively uniform’? and “rapid 
’ the present sampling shows the acceleration form 
of eurve to be typical. A conservative conclusion is that, if the 
linear form of individual stature curve is to be found for Iowa City 
white males, it probably is not common to more than 4 or 5 per cent 
of these males. Thus it appears justifiable to conelude that for 
these males between six and eighteen years, the individual stature 
trends are of the same general form as the mean eurve. 
PREDICTION OF STATURE BETWEEN SIX AND 
ELEVEN YEARS 
furnishes data which give sufficiently 
eal the possibilities of prediction. 


acceleration,’ 


Stature is selected since it 
regular individual eurves to rev 


3 Eighteen of these curves are given in Figures 25, Section A, and 26. Wherever pos- 
sible the curves were plotted for the period from six to eighteen years. 
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Successive measurement values for other dimensions (at least for 
those discussed above) appear less suitable for use in experimental 
attempts at the prediction of individual physical growth. 


Courtis Method of Prediction А 

The first method of prediction that will be considered is one that 
has been enthusiastically propounded by Professor Stuart A. 
Courtis of the University of Michigan during the last eight years 
or more (4, p. 3). Courtis is eonvineed that he has discovered a 
universal law which may be used to predict speeifie or individual 
biologie erowth. On the theoretical side, the method has been ably 
clarified and developed. A much abridged deseription will suffice 
here. Growth is defined as 


**. . . the progress toward maturity made by an immature organism 


acted upon by constant nurture under constant conditions, ?? (5, p. 488) 


Prediction, according to Courtis, 


“©... does not refer at all to an attempt to foretell how long the sit- 


uation will remain constant. Science deals only with the attempt to 


deserihe in advance of its occurrence, what course growth will follow.’? 
(5, p. 488) 


These concepts of growth and prediction have diagnostic implica- 

tions since marked deviations from predicted values indicate the 

entrance of new and disturbing factors into the growth situation. 
The “universal law’? for the prediciion of growth is that 


*f, . . the inereases in the loglogs of the percentages of maturity are 


directly proportional to the increases in time.’? (5, p. 488) 
This so-called biologie law is derived from the exponential formula 
y — kir 


in whieh y is the magnitude attained at time t, k is the maximum 
magnitude or value at maturity, i is the initial value or degree of 
development attained at the beginning of the growth period, and 
т is the rate of growth per unit of time, The equation is that of 
a modified S-eurve known as the Gompertz trend. Its distinguish- 
ing characteristic lies in the fact that 


“In this trend the point of inflection, where the positive curve 
changes from concave to convex, is at 37% of the maximum height 
(1/6 = 1/2.71898 — 0.36788,” (7, p. 168) 


It follows that two assumptions are made when the Gompertz 
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formula is used to describe and predict growth. First, it is as- 
sumed that 


«t, |. all growth curves are identical in form and differ only in the 
length of the period of maturation.’’ (4, р. 3) 


Secondly, the assumption is made that 50 per cent of the magnitude 
at maturity is always attained at the termination of 37 per cent 
of the growth period. 

Referring back to the “law of growth’? itself, it is now apparent 
(1) that raw measurements are reduced to ‘‘percentages of ma- 
turity’’ in order to convert them from absolute units into relative 
or pure units and (2) that loglog values are used for the purpose 
of translating the exponential equation into a simple linear equa- 
tion. 

Finally, to facilitate computations, the time axis of the curve 
is divided into 100 equal parts called isochrons. An isochron may 
be regarded either as 1 per cent of the total time required for 
growth or as 1 per cent of the full range of “the loglogs of the 
percentages of maturity." The name isochron is intended to em- 
phasize that there is a one-to-one relationship between units of 


time and loglog values. š 

With the above theoretieal background in mind, it is now possible 
to apply this system to the prediction of stature in Iowa City white 
males over the period from six to eleven years. Courtis claims that 


«t... the growth of individual boys and girls in height. . . is a multi- 


сусе phenomena. ”? (4, p. 120) 


That is, the rhythm of growth for human stature is considered to 
consist of several overlapping growth curves of the Gompertz form. 
One of these curves is found to reach its maximum at about six 
years of age and another to extend between this age and the twelfth 


To quote directly, Courtis writes, 


year. 
«t, T know in general that a new cycle of growth [in height] starts 
about six years and a second one about twelve years, plus or minus 


.? (6, p. 5) 

The problem which emerges now is that of finding specifie values 
of i and & for this cycle. Only when magnitudes for any given 
individual at the beginning and at the end of the cycle are ob- 
tained ean one determine the ‘‘percentages of maturity” that he 
should attain at each intermediate interval of time. The values 
of i and k may be found by formulae (1) “given three reliably 


three years in each ease. . 
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determined points anywhere оп the growth curve” (5, p. 489) and 
(2) provided that these points are ‘‘a sufficient distance apart to 
give substantial differences between measurements." (6, p. 4) These 
two conditions, however, are difficult to meet. 

First, one ean never be certain that he has three measurement 
values which are definitely on the curve. The six and twelve year 
limits are each qualified by three years in either direction. This 
means that in any specific ease there is no assurance that even one 
point is on the curve. Points occurring before nine years may be- 
long to the preceding curve; points after nine may be on the suc- 
ceeding cycle. Nor does inspection of the curves help. If the two 
cycles which are supposed to overlap around six years exist at all, 
they overlap so completely that it is impossible by inspection to 
make a reasonable conjecture as to where the six-to-twelve-year 
curve begins its relay of the growth rhythm, The use of inspeetion 
at the upper end of the cycle is, of course, out of the question since 
if this portion of the cycle is given nothing remains to be predicted. 

Secondly, when points are secured **a sufficient distance apart,” 
there is little if any of the cycle left to predict. A specific example 
will illustrate this. From stature measurements on an Iowa City 
white male at approximately eight, nine, and ten years a k value 
of 182.6 was obtained. The actual stature of this boy at twelve 
years was near 152 em. In evaluating the excessive maximum 
magnitude secured for the six-to-twelve-year cycle in this instance, 
Courtis writes, 


©“... а year means a different interval in eaeh eurve and when three 
measurements oceur as near each other as these three do, the heights 
must be determined reliably to within 


(6, p. 7) 


Besides pointing out that time inter 
to be “near each other” for this 


transition to the matter of reliabili 
Courtis writes: 


а mm. to make prediction safe."? 


vals of one year are considered 
cycle, this statement makes the 
ty of the measurements. Again 


“Тһе growth formula is an exponential formula. Very small errors 


in the early рате of the curve produce very large errors in the max- 
ima... In height... measurements unreliabilities of .6 em... аге 
common. Such errors in measurements oceurring early in the curve 


and separated by small time intervals, make the attempt to predict 
maxima of questionable value,’? (6, p. 3) 


The following tabulation presents the £ values, as caleulated by 
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formula, for the six-to-twelve-year eycle of the six individual curves 
of stature given in Section A, Figure 25. The cases are listed in 
the same order as they appear on the graph. 


Observed 
Stature 
Three Selected Points k Value at Twelve 
Years 
Age 7 years, 8 years, 9 years, 
9 months 9 months 9 months 191.8 166.0 
Stature 136.7 143.0 148.7 
Age 7 years, 8 years, 9 years, 
9 months 9 months 9 months 174.3 162.0 
8tature 132.4 139.6 145.7 
Age 7 years, 8 years, 9 years, 
2 months 2 months 2 months 117.3 151.8 
Stature 126.8 131.0 137.2 
Age 7 years, 8 years, 9 years, 
2 months 2 months 2 months 179.8 146.0 
Stature 121.6 127.0 132.0 
Age 7 years, 8 years, 9 years, 
3 months 3 months 3 months 41.9 140.8 
Stature 119.4 124.3 129.6 
Age 7 years 8 years 9 years 
Stature 111.0 117.0 121.2 130.2 132.0 
Since the method yields results of this type for stature, it is un- 


likely to be found useful for predicting the growth of the individual 
in other bodily dimensions.* 


McCall’s T-Scale Technique 
The utilization of MeCall's T-seale technique furnishes an alter- 
native approach to prediction over the six-to-twelve-year span. (14, 
Chapter X) That this method may have merit is suggested by a 
finding for individual eurves of stature reported by Baldwin. 
‘With both boys and girls the curves assume a railroad appearance; 
each individual boy and girl holds approximately his or her relative 
position in the group for the periods from six to 17 years of age, with 
little crossing of the individual curves.’’ (1, p. 73) 
4 This evaluation should be understood as applying specifically to the prediciton of 


human physical growth. The writer has no intention of implying that the method may 
not be found useful both for prediction in other areas and for the study of other prob- 


lems in this area. 
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If this finding is sound for the period from six to twelve years, the 
T-scale method will yield reasonably accurate predictions. On the 
other hand, to the extent that the individual Iowa City white male 
does not hold his ‘‘relative position in the group’’ throughout these 
years the method will prove inadequate. 

T-scores are based on the standard deviation of the distribution 
and range from zero to 100. The zero point is taken at five stand- 
ard deviations below the mean and the upper limit at five standard 
deviations above the mean. Each T unit represents one-tenth 
standard deviation, and the mean of the distribution falls at the 
T-seore 50. 

The method used in constructing the T-scale for the five years, 
six months to six years, six months distribution for stature is as 
follows: 


1. Computation of the number of males exeeeding eaeh elass interval 

Determination of half the frequeneies falling in eaeh elass interval 

Caleulation of the per cent of males exceeding plus half those 

reaching each interval 

4, Reading of the standard deviation value corresponding to cach per 
cent from Table 23 of MeCall's text (14, p. 274-275) 

5. Plotting of the T-scores, using equidistant T units for the ordinate 
scale and class interval mid-points as the abscissa units 


сә о 


The final step makes it possible to obtain readily the T-score equiva- 
lent of the measured stature for any six-year-old Iowa City white 
male. 

A similar procedure gives comparable plots based on the stature 
distributions at eight, nine, ten, and eleven years. The method of 
prediction is that of determining the T-score corresponding to the 
stature measurement for a given individual at six years, and then 
reading from the eight, nine, ten, and eleven year graphs the re- 
spective stature measurements which are equivalent to this T-score." 

The data of the present study include seriatim stature measure- 
ments on a total of forty individuals for the period from six to 
eleven years of age. Application of the T-score graph method to 
these forty eases gives a mean error of predietion, disregarding 
signs, of 0.80 em. at eight years, 1.05 em. at nine years, 1.24 em. 
at ten years, and 1.49 em. at eleven years. The largest errors of 

5 The T-score technique is used in preference to the pe-centile method because it is 


considered to have the advantage of facilitating computation. The T-score technique 


affords linear graphs while the percenti'e j 

T в ` method would give ogi ar- 
ticularly those clustering around the mean, are more еа ске рв. уе from 
linear trends than from ogive curves. x sk; 
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prediction, as one would expect, occur in estimating stature at 
eleven years from observed stature at six years. Here the maximum 
error of prediction is 4.6 em., and in seven instances the estimated 
minus the observed stature gives a value in excess of 2.5 em. Stated 
in the converse, 82 per cent of the predictions over this five year 
span are not in error more than 2.5 em., whereas the mean error 
for the 82 per cent, disregarding signs, is less than .9 em. 

On the basis of this sampling, it appears that the T-score or the 
pereentile technique furnishes a reasonably refined instrument for 
predicting the stature of the individual Iowa City white male at 
eleven years of age from his stature measurement at six years of 
age, 


STATURE CURVES FROM ELEVEN TO EIGHTEEN YEARS 

No attempt will be made to predict individual stature at each 
yearly interval between eleven and eighteen years. Instead, a series 
of curves will be analyzed with the intention of revealing, at least 
in part, the nature of the prediction problem during these years. 
Three topies will receive consideration; (1) the age when marked 
acceleration in stature begins, (2) the age when maximum adoles- 
cent stature is reached, and (3) the constancy of stature rank or 
position in the group. 

The series of individual stature trends is for forty-five Iowa City 
white males. It represents all available cases on which there are 
stature measurements throughout the seven year period under 
discussion. 


Age When Marked Acceleration in Stature Begins 

That individual curves for stature characteristically take a de- 
cided **turn towards the vertical’’ sometime after the eleventh year 
was shown early in this chapter. This turn, indicative of a marked 
acceleration in rate of growth, begins at widely diverse ages in 
different individuals. Analysis of the forty-five curves described 
above shows that for eight cases it began during the twelfth year, 
for ten cases during the thirteenth year, for ten cases during the 
fourteenth year, for twelve cases during the fifteenth year, and 
for the remaining five cases during the sixteenth year. 

It has been suggested that this five year spread does not make 
the conditions for prediction as chaotic as they might at first appear 
since there is a relationship between stature rank and onset of the 
acceleration. The relationship is expressed by the claim that the 
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acceleration is timed ‘‘earlier for tall girls or boys than for those 
below the norms.” (1, р. 92) Two questions immediately arise. 
Do the forty-five curves of this study confirm the view that the 
increased rate of growth in stature appears earlier in tall boys thau 
in short ones? If so, what is the age range of beginning acceler- 
ation for tall, medium, and short Iowa City white males? 

The answer to these questions presupposes criteria by which to 
determine tallness and shortness. The eleven year standards given 
in the Baldwin-Wood table on “Range of Height for Short, Me- 
dium, and Tall Boys” were taken. These standards are used to 
analyze the trends of the forty-five boys at eleven years of age; 
the results are tabulated below: 


Mean Range 
Stature, g E 2 E А 3 
Centimeters Cases $ 3 E E E E 
Tall (more than 148.3) 5 11 10 1 0 to 13 11 
Medium (136 to 148.3) 35 13 5 11 0 to 15 9 
Short (less than 136) 5 14 0 13 0 to 15 1 


The tabulation shows that, on the average, there is a tendency 
for boys who are tall at eleven years of age to enter into their 
period of accelerated growth earlier than boys who are short at 
this age. The obtained mean for tall boys is near twelve years, 
for boys of medium stature approximately thirteen and one-half 
years, and for short boys fourteen years. The overlapping, how- 
ever, is considerable, The range for 
that for both tall and short boys. 

A tabulation which has bearing on the topie of beginning ae- 
celeration and on the topie of constancy 
group parallels the one immediately preceding except that stature 
at cighteen years, rather than at eleven years, is used as the point 
of reference. Tallness and shortness were determined by means 
of the eighteen year standards of the Baldwin-Wood table for 
“Range of Height for Short, Medium, and Tall Boys.” 


medium boys encompasses 


of stature rank in the 


Mean 


Range 
n 

á Btature, 2 E 2 a А E 
entimeters Cases E Ë £ Я a В 
ня BM B b d 
Tall (more than 181.3) 6 13 9 11 0 to 15 9 
Medium (167.7 to 181.3) 35 13 з n 0 to 15 z 
Short (less than 167.7) 4 13 4 qu 6 to 15 1 
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Obviously, the figures indicate that there is no appreciable differ- 
ence between the tall group of boys at eighteen years and the short 
group of boys at this age either in regard to the average time of 
onset of the acceleration or with reference to the range of years 
over which the onset occurs. 


Age When Maximum Adolescent Stature ts Reached 


As a prerequisite to the treatment of this topic, it is necessary 
to define what is meant by “maximum adolescent stature." Pre- 
liminary examination of the forty-five curves showed that increase 
in stature usually takes place until the seventeenth or eighteenth 
year. However, it was observed that some individuals approach 
this maximum very differently from other individuals. For ex- 
ample, Section C of Figure 26 shows two individuals who attain 
approximately the same maximum, yet one (case 9164) is within 
two centimeters of this maximum at fourteen years of age, while 
the other (case 4241) is seventeen and one-half years of age before 
he reaches the two centimeter zone. To allow for this factor of 
small plateau changes, it was arbitrarily decided to read all values 
at three centimeters below the maximum’ attained at eighteen years. 
“Maximum adolescent stature’ is thus defined as the stature at 
eighteen years minus three centimeters. 

The analysis procedure will be the same as that used with the 
topie of beginning acceleration. 

For the forty-five cases as a whole the boundary limits of the 
period when maximum adolescent stature is reached are found to 
be over four years apart. In one instance adolescent growth is 
terminated during the last quarter of the fourteenth year. For 
four individuals maximum adolescent stature is attained during 
the fifteenth year; for fifteen, twenty, and five individuals it is 
reached during the sixteenth, seventeenth, and eighteenth years, 
respectively. 

Analysis in terms of the three stature groups, again using eleven 
years and eighteen years as the points of reference, gives the follow- 
ing tabulation: 


6 In several instances this maximum is inferred rather than observed. Twenty of the 
curves extend to eighteen years, twenty-one around seventeen years, and the remaining 
four to about sixteen years. The last four are accepted since they distinctly show the 
attainment of an early maximum. (See case 9164 and compare with case 2301.) 
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curves for fifteen Iowa City white males are 
given. - - - represents the mean curve for stature. A diseussion of the 
growth contrasts exhibited in this graph will be found on pages 114-115. 
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Mean Range 

2 2 2 

Stature,* т = n = 2 = 

Centimeters Cases é E š š Š š 
Eleven Years 

Tall (more than 148.3) 5 15 1 14 3 to 16 3 

Medium (136 to 148.3) 35 16 0 13 10 to 17 2 

Short (less than 156) 5 16 7 16 3 to 16 11 
Eighteen Years 

Tall (more than 181.2 6 16 2 15 3 to 17 2 

Medium (167.7 to 181.5) 35 15 11 15 10 to 17 л 

Short (less than 167.7) 4 16 2 15 1 to 16 TI 


шк tabulation maximum adolescent stature is read at 3 em. below stature at eighteen 

The findings are similar to those for the preceding topic. On 
the average, boys who are tall at eleven years of age attain their 
stature at eighteen minus three centimeters one year and one-half 
earlier than do boys who are short at eleven years of age. This 
confirms the finding of Baldwin that 


Aga rule tall boys .. . reach their periods of maximum adolescent 
stature earlier than do short ones.” (1, p. 92) 


The overlapping is such, however, that the range for the medium 
group extends both beyond the lower end of the range for the tall 
group and beyond the upper end of the range for the short group. 

The tall, medium, and short groups at eighteen years cannot be 
differentiated, either in mean or range, with reference to the time 
maximum adolescent stature was reached. 


Constancy of Position in Group 

The relative constancy of the tall, medium, and short stature 
groups will first be considered. In terms of the Baldwin-Wood 
standards, during the period from eleven to eighteen years, seven- 
teen of the forty-five eases (38 per eent) show a change from one 
to another of the three erude stature classifications. Four cases 
fall in the medium group at eleven years of age, in the tall group 
between thirteen and fourteen years, and in the medium group 
again at eighteen years. Four other individuals are “tall” at 
eleven and fourteen years but fall to **medium" at eighteen years. 
Another group of four boys are medium at eleven and fourteen, 
yet enter the tall group before eighteen years. Of the five remain- 
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ing boys, two are short at eleven and fourteen and medium at 
eighteen; one is medium at eleven and fourteen and short at 
eighteen; and one is tall at eleven, medium at fourteen, and tall 
at eighteen. 

The findings for two other analyses of individual stature curves 
are pertinent. Fleming states: 


“оте children who till puberty promised to be very tall were 
checked at that age and grew less than others, thus bringing them into 
line with the norm. Others who had shown unusually small growth 
shot up at that age.’? (8, p. 47) 


Baldwin writes: 


“With both boys and girls the curves assume a railroad appearance; 
eaeh individual boy and girl holds approximately his or her relative 
position in the group for the periods from six to 17 years of age, with 
little crossing of the individual curves . . . In brief, tall ehildren do 
not become short; neither do short children, as a rule, become tall 
under normal conditions.” (1, p. 73) 


The present study confirms Fleming's finding. It also confirms 
Baldwin to the extent that tall children are not found to become 
short or short children to become tall. The rather rigid eonstaney 
of stature groups suggested by Baldwin's use of the phrase ‘‘rail- 
road appearance” is found between six and eleven years but not 
between eleven and eighteen years. 

Tt appears that graphie presentation of a series of contrasting 
curves will strengthen the findings for stature groups and show 
more vividly the degree to which individual white males do not 
hold their “relative position in the group" during the adolescent 
years. š 

Figure 26 gives fifteen individual stature eurves for Iowa City 
white males. Section A of this figure gives the curves for cases 
4320 and 401. The former is taller than the latter at eleven and 
eighteen years but is 10 em. shorter at fourteen years. This is not 
a unique contrast. The curves for at least six pairs of individuals 
could be presented, each pair showing 
stature at eleven years and a div 
year to the extent of 10 to 12 em 
standard deviations. 

Sections B and C of Figure 26 each show eur 
dividuals who are 16 to 18 em. apart in stature a 
but who approximate the same adult stature, 


approximately the same 
ergenee around the fourteenth 
+ or roughly one and one-half 


ves for two in- 
t fourteen years 
Both portray a com- 
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mon finding. It would be possible to present a minimum of twelve 
of the forty-five curves paired with regard to stature at eighteen 
years and yet, between the thirteenth and fourteenth years, show- 
ing a difference equivalent to two standard deviations or more. 

Section D of Figure 26 shows three individual curves. Cases 
8900 and 5980 approximate the same stature between eleven and 
fifteen and one-half years but diverge їп excess of one and one-half 
standard deviations at seventeen and one-half years. Cases 7080 
and 8900 are about 17 em. apart at fourteen years and near the 
game stature at seventeen and one-half years. 

Cases 5880 and 1920, shown in Section E, are over one standard 
deviation apart at twelve and one-half years, approximate each 
other at fifteen. years, and are nearly 2.5 em, apart at seventeen 
and one-half years. 

Section F includes eurves for cases 7040 and 5485. These two 
curves are separated to the extent of almost two standard deviations 
at eleven years, whereas at seventeen years the differenee is less 
than .1 em. 


CHAPTER V 
SUMMARY AND CONCLUSIONS 


This study purposes a description of the growth rhythm for each 
of eighteen anthropometric measurements on Towa City white males 
between the age limits of birth and eighteen years. Two primary 
aims of the investigation are (1) to obtain, analyze, and compare 
mean ''eourse of growth’? curves and mean “Yereentage rate’’ 
curves for the eighteen physical dimensions, and (2) to examine 
individual curves for stature, both from the standpoint of corre- 
spondence to the mean stature trend and with reference to the 
possibility of predicting growth in stature. 


THE DATA 


The data were gathered over a fourteen year period by the an- 
thropometrie staff of the Iowa Child Welfare Research Station. 
They consist of 93,232 measurement values on 1,243 Towa City white 
males lying within the normal zone for physical build. Besides 
being homogeneous with regard to geographie loeation, sex, and 
bodily nonpathology, the 1,243 individuals constitute a group that 
is somewhat favored economically and culturally and but slightly 
diverse racially. The measurement values are distributed among 
the following eighteen measurements: stature, sitting height, bi- 
deltoid diameter, bi-troehanterie diameter, transverse and antero- 
posterior diameters of the thorax, thoracic cireumferenee, body 
weight, maximum head length and breadth, bi-eondylar diameter 
of left femur and left humerus, strength of grip, breathing capacity, 
and thickness of skin and subeutancous tissue at thorax front and 
back and at upperarm front and back. 


MAJOR FINDINGS 
Mean “course of growth" trends exhibit the following findings: 
1. Four phases of alternate quickening and slowing of growth 
are revealed for stature, sitting height, bi-deltoid diameter, bi- 
trochanteric diameter, transverse and antero-posterior diameters 
of thorax, thoraeie circumference, and body weight. In general, 


т The individuals considered to lie outside the “normal zone for physical build" are 
those whose records bear the mark "physical deformity” or “endocrine disturbance." 
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there is a period of rapid growth extending from birth to two years, 
a period of slow growth between two and eleven years, a second 
period of rapid growth from eleven to fifteen, and a final period 
of slow growth between fifteen or sixteen and eighteen years. These 
“general type” curves differ markedly as to the form of their 
second phase. This segment is convex for the stature and sitting 
height trends and concave for the trends of body weight and 
thoracic circumference. The trends for the remaining four curves 
show gradation between convexity and concavity. 

9. There are three pronounced convex cycles for bi-condylar 
diameter of left femur and left humerus. The first eyele spans 
the years from birth to six, the second reaches from six to eleven, 
while the third extends between eleven and eighteen. 

3. A two phase or ‘‘neural type" of growth is shown for maxi- 
mum head length and maximum head breadth. There is a phase 
of rapid aceretion below about two years and a phase of slow and 
irregular progression above this age. 

4. There are three roughly convex cyeles between one and one- 
half months and ten years for the four measurements of skin and 
subeutaneous tissue. The four minima of these cy les occur at 
one and one-half months and at approximately two, six, and ten 
years. Beyond ten years the two thorax eurves ascend, each at- 
taining an absolute magnitude in excess of that found at any pre- 
vious age. The two upperarm trends ascend from ten to eleven 
years and then commence to descend, each falling to a mean mag- 
nitude at eighteen years lower than that found at any point be- 
tween three months and this age. š 

Mean ‘‘pereentage rate?” curves show the following: 

1. There is an initial steep descent during the three quarterly 
intervals between one and one-half months and ten and one-half 
months for the full sixteen dimensions studied at this age. This 
common deseent takes a concave course, indicating that the decline 
in growth rate proceeds at a diminishing pace with increasing age. 

2. A primary minimum during the first quarter of the second 
year is shown for stature, sitting height, bi-deltoid diameter, antero- 
posterior diameter of thorax, body weight, bi-condylar diameter of 
left femur, and skin and subcutaneous tissue at upperarm front. 

3. A pronouneed dip appears at approximately six years for 
maximum head breadth, maximum head length, sitting height, bi- 
deltoid diameter, bi-trochanteric diameter, transverse diameter of 
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thorax, skin and subeutaneous tissue at upperarm front, at thorax 
front, and at thorax back. 

4. There is a convex are, with its crest during the thirteenth 
or fourteenth year and its terminals during the eleventh year and 
during the seventeenth or eighteenth year, for stature, sitting 
height, bi-deltoid diameter, bi-trochanteric diameter, transverse 
and antero-posterior diameters of the thorax, thoracie cireumfer- 
enee, body weight, bi-condylar diameter of left femur and left 
humerus, strength of grip, and breathing capacity. 

5. A minimum appears during the cleventh year (indieative 
of a “low? in relative growth rate) for every measurement analyzed 
except the four for thickness of skin and subeutaneous tissue. These 
latter, in contrast, show a marked increase in pereentage rate dur- 
ing this year. 

Individual “course of growth”? curves for stature indicate that: 

1. At least 95 per cent of the stature trends for Iowa City white 
males are of the same general form between six and eighteen years 
as the mean trend for stature. However, these individual stature 
Sequences differ from the mean eurve in two respects: The change 
from retardation rate to acecleration rate is more sharply defined, 
and is variously timed over a four to five year age range. 

2. There is little crossing of the individual curves between six 
and eleven years of age. In consequence, the T-score or percentile 
technique furnishes a reasonably refined instrument for predicting 
the stature of the individual Iowa City white male throughout this 
period. For forty cases the maximum error of prediction over the 
five year span is four and one-half centimeters ; 80 per cent of the 
prediction errors are not in excess of two and one-half centimeters ; 
the average error of prediction for the entire series 18 one and 
one-half centimeters. 

3. Prediction of individual stature throughout the period from 
eleven to eighteen years is a precarious task. The beginning of 
adolescent acceleration occurs over a four or five year range. In- 
dividuals of the same stature at eleven years are commonly ten to 
twelve centimeters apart during the fourteenth year; individuals 
who differ in stature by fifteen centimeters during the fourteenth 
year not infrequently approximate each other in stature at eighteen 
years of age. 

BY-PRODUCT CONTRIBUTIONS 

In the realization of its primary aims, this investigation makes 
several by-product contributions. Six of these will be enumerated 
here. 
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1. Norms, in the form of arithmetic means, are given at suc- 
cessive age intervals between one and one-half months and eighteen 
years for sixteen anthropometrie dimensions and between approxi- 
mately three or six years and eighteen years for two additional 
measurements. The normative usefulness of the 529 means is en- 
hanced since each is supplemented by the standard deviation and 
range for the distribution it represents. 

Three qualifying statements are relevant in this connection. (1) 
It should be recognized that the norms are specifically valid for a 
group of Iowa City white males. Such selective factors as sex, 
geographic location, socio-economic status, and racial stock ought 
not to be overlooked when using norms. (2) In view of paucity 
of observations, the norms for certain measurements are regarded 
as tentative. This applies to the four measurements of skin and 
subcutaneous tissue and, in lesser degree, to the means for bi- 
condylar diameter of left femur and left humerus. (3) The means 
for the first nine or twelve months are considered to furnish only 
erude approximations at each quarterly interval. This follows from 
the rapidity of growth characteristic of these months. 

It appears that this is the first study to provide means over the 
entire period from birth to eighteen years for bi-deltoid diameter, 
bi-troehanterie diameter, bi-condylar diameter of left femur and 
left humerus, transverse and antero-posterior diameters of the 
thorax, sitting height, and four measurements of skin and sub- 
cutaneous tissue. 

2. Empirical formulae are presented whieh graduate the mean 
values for stature, thoracic eireumferenee, body weight, maximum 
head breadth, bi-condylar diameter of left femur, and breathing 
capacity. Application of the six derived equations yield mean 
errors of predietion, disregarding sign, of .67 em., .35 em., .64 kg., 
:03 em., .07 em., and 5.8 eu. in. respectively. Such ‘‘goodness of 
fit indicates that the equations (though shown to be inadequate 
for use in obtaining instantaneous velocity curves) are sufficiently 
refined for most purposes of interpolation and prediction. 

3. Skewness and kurtosis values are given for a series of dis- 
tributions on thoracie circumference. These values support the 
generalization that below seven years of age the distributions may 
be regarded as symmetrical and mesokurtie, while between seven 
and fifteen years the distributions are significantly leptokurtie and 
skewed in the positive direction. The peak of positive skewness 
and leptokurtosis is reached at twelve years. 
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4. A single coefficient of relative variability is derived and pre- 
sented for each of the eighteen measurements. These coefficients 
enable comparison of one measurement with another. Age to age 
differences within a given measurement are also discussed. 

5. Critical evaluation is made of the curve fitting and algebraic 
differentiation method of studying growth rates, and of the Courtis 
“universal law?' method of predicting individual growth. It is 
found that the former is not applicable to the unitary study (from 
birth to eighteen years) of human growth rates for bodily dimen- 
sions. The latter is considered unsuited to the prediction of in- 
dividual growth in stature for white males between six and eleven 
years. 

6. A variety of growth contrasts is made. Two methods of con- 
trasting mean growth give findings typified by the following state- 
ment: The average Iowa City white male doubles his stature be- 
tween birth and six years of age; one-half of the mean stature at- 
tained at eighteen years is reached at about two years of age by 
the average Iowa City white male. Contrasts for the purpose of 
revealing individual differences in the same measurement are also 
given. It is found, for example, that the boys ranking at the upper 
end of the distributions for head breadth at about one year of age 
have wider heads than the boys at the lower end of the distribution 
for eighteen years of age. 


RESEARCH LEADS 

A few of the problems for further research upon whieh this in- 
vestigation appears to foeus attention will be briefly suggested. 

First, what pereentage of the individual eurves for, say, bi- 
trochanterie diameter or bi-condylar diameter of the left femur 
show the same general form as their respeetive mean eurves? Figure 
25, Section B gives evidence of the fact that measurement inaeeu- 
racies* make it impossible to answer this question at present for 
bi-trochanterie diameter. Likewise, but for a different reason, the 
question cannot be answered for hi-condylar diameter of left femur. 
Seriatim observations on this measurement are not yet available 
for more than three year segments of the curve. Each of these 
illustrations is used to represent the situation for a series of 
measurements. It appears, therefore, that a conclusive answer to 
the generalized pias must needisatily follow a considerable 


$ It is probable that fluctuation in the thickness of the skin and subcutaneous tissue 
covering the skeletal landmarks is also a factor. 
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lapse of time during which frequent and precise seriatim measure- 
ment values are being accumulated. 

Secondly, the mean percentage rate curves for fourteen of the 
measurements studied are found to show a primary minimum dur- 
ing the eleventh year. The question arises: What percentage of 
the individual trends for cach of these measurements is character- 
ized by a corresponding decrease in relative growth rate during 
this year? The individual curves available do not permit a reliable 
answer to this question since they are based on semiannual measure- 
ments. Measurements at such intervals are too far apart for ac- 
curate study of growth rates because (1) the measurement values 
are subject to appreciable error, and (2) the changes in rate at 
this age are a function of comparatively small differences in ab- 
solute magnitude. The answer to the question must await eareful 
seriatim. measurement at bimonthly intervals between nine years 
and the beginning of the adolescent acceleration. 

Such bimonthly measurement of a group of white males for a 
selected number of dimensions would lead to many other research 
contributions. For instance, it would make possible the refinement 
of our knowledge of the adolescent acceleration for various dimen- 
sions, and could be used to relate this acceleration to the amount 
and form of the pubie hair, to estimated endocrine balance, and 
so forth. 

Thirdly, more detailed analysis of the thoraeie dimensions (trans- 
verse diameter, antero-posterior diameter, and cireumference) and 
of the four measurements for thickness of skin and subcutaneous 
tissue might show an inverse relationship between these two types 
of measurements during the third year. The present investigation 
finds a primary minimum for the three thoracic dimensions and a 
major maximum for each of the measurements of skin and sub- 
cutaneous tissue fluctuating over three quarterly intervals within 
this year. While month by month analysis may not support the 
hypothesis of an inverse relationship either for the group or for 
the individual, the study would be of value since it would at least 
yield more exact information on the form of the growth trends. 
Further, the values for the two thorax diameters could be used to 
contribute to the literature on the change in the contour of the 
thorax. 

Fourthly, the skewness and kurtosis findings for thoracic circum- 
ference indicate the need for a like description of the distributions 
for other anthropometric measurements. The problem might also 
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be expanded to include an intensive inquiry into the relation of 
skewness and variability to rate of growth. 

Finally, the most obvious channel of research suggested by this 
study is a parallel investigation on white females. Not only would 
this be valuable in itself, but it would yield the necessary trends 


for a comparative analysis of the sexes in regard to ‘‘rhythm of 
growth." 


10. 
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APPENDIX 


ANTHROPOMETRIC MEASUREMENT TECHNIQUE USED 
AT THE IOWA CHILD WELFARE RESEARCH STATION: 


Stature 

During approximately the first two years following birth, height of neces- 
sity is taken in the reclining position. The instrument used is the Baldwin 
Measuring Board for Infants. The infant is placed on his back in such 
a position that the head makes firm contact with the fixed upright of the 
board, while the trunk rests on the base of the board and in line with its 
long axis. While an assistant holds the head and shoulders in position, 
the anthropometrist straightens the knees and holds the fect together. The 
latter completes the measurement by bringing the sliding upright firmly 
against the soles of the feet and reading off the erown-heel length from 


the millimeter scale. 
Beyond the infaney zone this measurement is taken in the erect position. 


The Baldwin Paper Measuring Seale and Square are the instruments used. 
The subject stands straight with heels together. Heels, buttock, upper 
part of back, and head are against the wall to which the seale is attached. 
The arms are hanging at the side in a natural position and the head is 
held on the Frankfort Horizontal. The anthropometrist so places one face 
of the square against the seale that the other face is horizontal with the 
floor, The square is then brought down firmly against the head of the 
subject, the hair being crushed until the square is in contact with the head, 
and the reading taken. 


Sitting Height à 
Infants are measured in the reclining position and older subjects in an 
erect sitting position. The instruments are the same as for stature. With 
infants, the proeedure given for erown-heel length is modified only in that 
the hips are flexed at right angles to the trunk (the knees also being natural- 
ly flexed) and the sliding upright is moved up firmly against the buttock. 
The proceedure with subjects beyond the infant zone is as follows: The 
subject sits on a horizontal and resisting bench 30 or 40 em. high, the 
height being determined by the stature of the subject. The knees are 
flexed and spread apart, the ankles erossed, and the hands rest on the lap. 
The posterior aspect of the trunk makes contact with the scale both at 
the sacral region and at the thoracie region. The square is brought down 2 
firmly on the vertex (the highest median point of the head when held on 


1 This discussion draws heavily upon two previous descriptions of Iowa Child Welfare 
Research Station physical measurement technique, Baldwin (1, Chapter 2) and McCloy, 
C. H.: [A Revision and Extension of] III. Instruments, by Bird T. Baldwin. Un- 
published manuscript. Pp. 14 ms. The treatment of Baldwin, in turn, is especially 
dependent on Hrdlicka (12, p. 10-88), while that of McCloy draws also on Martin (15, 
p. 117-231) and on Franzen (9, p. 108-110) for technique of measuring skin and sub- 
cutaneous tissue. 
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the Frankfort Horizontal) and the measurement recorded as the distance 
in millimeters from the surface of the seat to the vertex. 


Bi-Deltoid Diameter 

The standardized large sliding calipers are used as the anthropometric 
instrument. Subjects too young to be measured in the erect position are 
supported in the sitting position. The arms are hanging at the side. With 
subjects sufficiently developed to assume the erect position, the measure- 
ment is usually taken from the rear. Sinee the length of the clavieles 
modifies the measurement considerably, the subjeets measured erect are 
requested to draw back the shoulders until the scapulae lie approximately 
in one plane. The measurement is the distance over the deltoid muscles, 
with the prominent tuberosity of the head of each humerus bone below 
the acromion processes as the landmark. Before reading the measurement, 
the pressure of the ealipers is inereased until the resistanee of the bones 
is felt appreciably. 


Bi-Trochanteric Diameter 

This measurement is taken with the large sliding calipers, with the promi- 
nences in the region of the trochanters for the two terminal points, With 
infants the legs are extended and held parallel. With older subjects, like- 
wise, the legs are together and the fect parallel. The pressure is such that 
considerable resistance of the bones is felt. 


Transverse Diameter of Thorax 

The instrument used is the large sliding calipers. The infant is supported 
in a sitting position. The older subject stands in an easy, natural manner, 
the arms relaxed in order to reduce tension of the thoracic musculature. 
The anthropometrist stands in front of the subject and applies the arms 
of the calipers to the lateral aspects of the thorax in such a way that they 
lie in the same horizontal plane as the nipples. Moderate pressure is main- 
tained against the two sides during inspiration and expiration by means 
of an accompanying movement of the free branch of the calipers with the 
thumb. The scale is watched carefully and after two or three inspirations 
and expirations the medium between the greatest and shortest distance is 
recorded. Care is taken to see that the arms of the calipers are not ex- 
tended posteriorly to project over the latissimus dorsi muscles. 


Antero-Posterior Diameter of Thorax 

Here again the large sliding calipers are used. The measurement is taken 
so that the fixed arm of the calipers is placed just below the inferior angle 
of the seapulae and the movable arm is applied to the anterior aspect of 
the thorax at the nipple level. Repeated measurements are taken during 
inspiration and expiration and the medium between the largest and the 
smallest ealiper reading is recorded. 


Thoracic Circumference 

A steel millimeter tape is used in taking this measurement. The nipple 
line serves as the anterior landmark. The tape is placed around the thorax 
at right angles to the spinal column, This usually means that, posteriorly, 
the tape rests just below the inferior angles of the seapulae. The tape is 
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pulled only sufficiently tight to insure complete contact all around. The 
medium value during normal respiration is recorded. 


Body Weight 

Weight, in common with all other measurements, is determined with the 
subject nude. The scales used in the anthropometric laboratories of the 
Iowa Child Welfare Research Station are Buffalo, Fairbanks, and Con- 
tinental types, with double or triple bar beams. Table scales are used with 
infants and platform seales with older subjects. Body weight is ascertained 
and recorded in kilograms. 


Maximum Head Length 

The maximum glabello-occipital diameter is taken with the spreading 
calipers. Anteriorly the landmark is the glabella. Posteriorly the land- 
mark is taken as the most prominent point of the occiput as shown by the 
muximum determinable spread of the branches of the calipers, The left 
branch of the calipers is applied to the anterior landmark and three fingers 
of the left hand so placed about the point of this branch as to form a 
ball and socket arrangement while holding the point in position. The right 
branch of the calipers is moved up and down and across from side to side 
on the back of the head until the maximum distance is encountered. 


Maximum Head Breadth 

The spreading calipers are uscd. The measurement is determined solely 
by the maximum breadth of the head above the supermastoid and zygo- 
matie crests, The points of the calipers are moved backwards and for- 
wards and up and down in the horizontal plane until the greatest width 
is found. The anthropometrist watches the seale and records the maximum 
distance. 
Bi-Condylar Diameter of Left Femur 

Here the large sliding ealipers are used to measure the maximum outer 
diameter of the condyles of the left femur. The knee is flexed sufficiently 
to relax and largely remove the musculature at the lateral aspects of the 
condyles. The arms of the calipers biseet the thigh-ealf angle as they are 
brought in contact with the bony prominenees. Heavy pressure is used. 


Bi-Condylar Diameter of Left Humerus 

This measurement is taken with the large sliding calipers. The left upper- 
arm is raised forward away from the body and the forearm is flexed at 
right angles to the upperarm. The arms of the ealipers biseet the upper- 
arm-forearm angle. Considerable pressure is used. Care is taken that the 
forearm does not move out of line with the arms of the calipers and turn 
in toward the midline of the body as the pressure is applied. The maximum 
diameter between the epicondyles is recorded. 
Strength of Grip 

The Smedley Hand Dynamometer is used for testing grip strength. The 
adjustable stirrup of the instrument is regulated in aceordance with the 
size of the subject’s hand. The subject is eneouraged to exert the maxi- 
mum strength possible. Care is taken to see that the arm of the subject 
does not come into contact with the trunk or lower extremity. Two trials 
are usually allowed with each hand and the best record (in kilograms) for 


iy 
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each hand is recorded. The factors: of motivation and comprehension of 
instructions make this measurement inapplicable with subjects younger 
than three years of age. 


Breathing Capacity 

The volume of lung capacity minus residual air is measured by means 
of the wet spirometer. The water in the spirometer is maintained approxi- 
mately at room temperature (25° C.). The subjects are instructed to take 
the deepest possible inhalation and then to blow all of the breath possible 
into the instrument. During inhalation the subject is encouraged to take 
in all air possible and near the end of exhalation he is urged to keep on 
blowing. The anthropometrist keeps a watchful eye to see that an extra 
breath does not spuriously raise the record. Every subject is provided 
with a new, detachable wood mouthpiece through which to blow. Usually 
three trials are allowed. The measurement is recorded in cubic inches. The 
factors of motivation and of comprehension of instructions prohibit the 
use of this measurement during the early years. At the Iowa Child Wel- 
fare Research Station laboratories ‘breathing capacity is not taken below 
five years of age. 

Skin and Subcutaneous Tissue at the Thorax Front 

This measurement, together with the three succeeding measurements, is 
taken with the fat calipers. In all four instances the flat, blunt-nosed 
blades of the calipers are held parallel to the long axis of the body or 
extremity of the subject. 

Measurers in training use a standard bite of 20 mm. for infants and 
30 mm. for all older males in taking this measurement. Experienced an- 
thropometrists find the standard bite routine dispensable and thus judge 
the bite to be used from the firmness and amount of the subcutancous 
tissue of the individual subject. ‘Che essential principle which all follow 
is that of placing the thumb and first finger some distance apart below the 
left nipple at the xiphoid level and of moving these digits directly toward 
each other. Care is taken that the digits do not tend away from the 
thorax as they approximate each other (or at any time following the pinch 
until the observation is recorded). The instrument is then applied to the 
tissue held between the thumb and finger and the measurement read off. 
The central objective is to measure a complete double layer of skin and 
subeutaneous tissue without including any muscle tissue. 

Skin and Subcutaneous Tissue at the Thorax Back 

The standard bite is 20 mm. for infants and 40 mm. for all older males. 
The measurement is taken below the inferior angle of the left scapula at 
the xiphoid level. 

Skin and Subcutaneous Tissue at the Uppcrarm Front 

This measurement is taken midway between the extremities of the left 
humerus over the biceps muscle. The standard bite is 20 mm. for infants 
and 80 mm. for all males from preschool age through senior high school. 
Skin and Subcutaneous Tissue at the Upperarm Back 


The standard bite here is 20 mm. for infants, 30 mm. for preschool males, 
and 40 mm. for all older males, The measurement is taken approximately 


at the midpoint of the shaft of the left humerus with the arm hanging 
in a relaxed position. 
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